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HCV NS-3 Serine Protease Inhibitors 



Technical Fiel d 

This Invention relates to novel inhibitors of the NS3 serine protease of the flavivirus 
5 HCV and to methods for their use in the treatment or prophylaxis of HCV. 

Back ground Art 

The NS3 serine protease of HCV is a multifunctional protein which contains a serine 
protease domain and a RNA helicase domain. The protease cofactor NS4A, which is 
1 0 a relatively small protein, is absolutely required for enhanced serine protease 

activity. The NS3 serine protease is essential in the viral lifecycle. From analysis of 
the substrate binding site as revealed by X-ray crystal structure, it has been shown 
that the binding site of the NS3 protease is remarkably shallow and solvent exposed 
making small molecule inhibitor design a challenge. 

15 

grief^ejcrifitioii^ 

In accordance with a first aspect of the invention, there are provided compounds of 
the formula I: 

20 



R8 



R16"* 




wherein 



25 



A Is COOR\ CQNHSOaR 2 , CONHR 3 , or CR 4 R« wherein; 

R 1 is hydrogen, Ci-C e alkyl, C 0 ~C 3 alkylcarbocyclyl, C 0 -C 3 aikylheterocyclyl; 
R 2 is Ci-C e a!kyi, Co-C 3 alkylcarbocyclyl, C 0 -C 3 alkylheterocyclyl; 



30-JAN-04 FR1 15-36 MEDIVIR ' FAX NO. 01223 847894 P. 04 

01223 847894 

Ink. t. Patent- ochregMet 
y.$j.L -01- 3 0 

Ml 83. 2 Huvbdfexsn Kessan 

R 3 is Ci-C B alkyl, Co-C 3 alkylearbocyclyl, C 0 -C3alkylheterocyclyl, -OCi-Csalkyl, - 
OCo-C 3 alkylcarbocyclyl, -OCo-CaalkylheterocycIyi; 
R 4 Is =0, halo, amino, or OH; 

R 4 ' is Ci-C e alkyl, Co-Csalkylcarbocyclyl, Co-C^alkylheterocyclyl; wherein 
$ 5 R 2 , R 3 , and R4' are each optionally substituted with from 1 to 3 times 

% with halo, oxo, nitrile, azldo, nitro, Ci-C s alkyl, Co-Caalkylcarbocyclyl, Co- 

Caalkylheterocyclyl, NH 2 CO-, Y-NRaRb, Y-0-R b , Y-C(=0)R„, Y- 
(C=sO)NRaR b . Y-NRaC(=0)R b , Y-NHSOpRb, Y'S(=0) p Rb, Y- 
S(=0) p NRaR bf Y-C(=0)ORb, Y-NRaC(=Q)OR b ; 
10 where Y is a bond or C1-C3 alkyl; 

Ra is H or C1-C3 alkyl; 
Rb is H or Ci-Cg alkyl; 
p is 1 or 2; 

R 7 is Ch-Cealkyl, Ci-C 3 alkyl Ca-Crcydoalkyl, or Ca-Cealkenyl, any of which is 
15 optionally substituted with 1-3 halo atoms, amino or -SH; 

R 7 ' is H or taken together with R 7 to form a C3-C6 cycloalkyi ring optionally 
substituted with R 7 a wherein; 

R ra is Ci-Ce alkyl, Cs-Cscycloalkyl, C^-Ce alkenyl or J; any of which may be 
optionally substituted with halo; 
20 qis0to3andkis0to3;whereq+kS1; 

W is -CH 2 -, -0-, -OC(=0)NH-, -OC(=0)-, -S-, -NH-. -NR 8 ' , -NHS0 2 - or -NHC(«=0)-; 
h R 8 is a ring system containing 1 or 2 saturated or unsaturated rings each of which 

has 4-7 ring atoms and 0 to 2 hetero atoms selected from S, O and N, the ring 
system being optionally spaced from W by a C1-C3 alkyl group; or R 8 is CrC 6 alkyl, 
: 25 any of which R 8 groups can be optionally mono, di. or tri substituted with R 9 , wherein 
j R 9 is independently halo, oxo, nitrile, azido, nitro, Ci-Cealkyl, Co- 

Caalkylcarbocyclyl, Co-Caalkylheterocyclyl, NH 2 CO-, Y-NRaRb, Y-0-R b , Y- 
: C("0)R b , Y-(C=0)NRaR b , Y-NRaC(=0)R b , Y-NHSO p R b , Y-S(-0) p R b , Y- 

: S^OJpNRaRj,, Y-C(-0)OR b , Y-NRaC(=0)OR b ; wherein the carbocyctyl or 

: 30 heterocyclyi Is optionally substituted with R 10 ; wherein 
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R 10 is Ci-C 6 alkyl, C 3 -C 7 cycloalkyl, Cj-C 6 alkoxy, amino optionally mono- 
br di- substituted with CrC 6 ~alkyl, sulfonyl, (Ci-C 3 alkyOsulfonyl, N0 2 , 
OH, SH, halo, haloalkyl, carboxyl. amide, (C r C 3 alkyl)amfde, or 
heteroaryl optionally substituted with CrC 6 alkyli 
5 R 8, Is H. C r C 3 alkyl; 

E Is -C(-O)-, -C(=Sh -S(=0) 2 -, -S=0-, -C=N-Rf; 
Rf Is H, -CN, -C(=0)NRaRb; -C(=0)Ci-C§ alkyl 

X Is -NRx- where Rx Is H, or Ci-C 6 alkyl; or in the case where where E is -(C-O)- X 
can also be -O-; 

10 R" is H, (VCsalkyl, C 0 -C 3 alkylcarbocyclyl, Co-Caalkylheterocyclyl, any of which can 
be substituted with halo, oxo, nitrile, azido, nitro, Ci-C 6 alkyl, Co-C 3 alkylcarbocyclyl, 
Co-Csalkylheterocyclyl, NH 2 CO-, Y-NRaRb, Y-0-R b , Y-C(=6)R b , Y-(00)NRaR b , Y- 
NRaC(=0)R b , Y-NHSOpRb, Y-S(=0) p R b , Y-S(=0) p NRaR b , Y-C(=0)OR b , Y~ 
NRaCCsOJORt,; 

1 5 when R 7 ' taken together with R 7 forms a C 3 -C 6 cycloalkyl, then one of Rx or R 11 can 
also be J; 

J is a 3 to 1 0-membered saturated or unsaturated alkylene chain extending from the 
R 7 /R r cycloalkyl to Rx or R 11 to form a macrocycle, which chain is optionally 
interrupted by one to three heteroatoms independently selected from: -0-, -S- or - 
20 NR 12 - wherein 0 to 3 carbon atoms in the chain are optionally substituted with R 14 ; 
wherein; 

R 12 Is H, Ci-C 6 alkyl. Cg-Cecycloalkyl, or COR 13 ; 

R 13 is C^Cealkyl, Co-C 3 alkylcarbocyclyl, Co-C 3 alkylheterocyclyl; 

R 14 is independently selected from H, C r C 6 alkyl, Ci-C 8 haloalkyl, C1-C0 
;": 25 alkoxy, hydroxy, halo, amino, oxo, thio, or C r Ce thioalkyl; 

: Ru and Rz are independently H or Ci-C 3 alkyl; 

:": misdor1;nisOor1; 
:*: U is -O or is absent; 

-I R 16 is H, Cj-Coalkyl, C 0 -C 3 alkylcarbocyclyl, Co-C3a!kylheterocyc|yl, any of which can 

30 be substituted with halo, oxo, nltrlle, azido, nitro. d-Co alkyl, C 0 -C 3 -alkylaryl, Co- 
; : C 3 aikylheteroaryl, Co-C 3 alkylcycloC 3 -C 5 alkyl, NH 2 CO-, Y-NRaRb, Y-0-R b , Y- 
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C(=0)R bf Y-(C=0)NRaR b , Y-NRaC(=0)Rb, Y-NHSOpRt, Y-S(=0) p Rb, Y- 

S(=0) p NRaRi>, Y-C(=0)OR b , Y-NRaC(=0)OR b ; 

G is -O-, -NRy- or -NHNH- where Ry Is H or C r C 3 alkyl; 

R 16 is H; or Ci-C$alkyl, C<rC 3 alkylcarbocyclyl, C 0 -C 3 alkylheterocyc)yl, any of which 
can be substituted with haio, oxo, nitrile, azido, nitro, Ci-C 6 alkyi, Co- 
C 3 alkylcarbocyDiyl, C 0 -C 3 alkylheterocyclyl, NH 2 CO-, Y-NRaRb, Y-O-Rb, Y-C(=0)Rb, 
Y*(C=0)NRaRb, Y-NRaC(=0)Rb, Y r NHSO p Rb, Y-S(=0) p Rb, Y-S(=0) p NRaRb, Y- 
C(~0)ORb, Y-NRaC(=0)ORb; 

or a pharmaceutical^ acceptable salt or prodrug thereof. 

A second aspect of the invention provides compounds of the formula VI: 



R1S 



R16 




Rx 

J_L_ T _ N _ 



Ru U 







— 


m 


I 

0 




VJ 



wherein 

15 R 7 , R 7 ', R 8 , R 11 , R 16 . R 16 , Rx, Ru, A, G, k, m, n, U are as defined above; 
q' Is 0 or 1; 

Rz is H, or together with the asterisked carbon forms an olefinic bond; 
Rq is H or Ci~C 4 -alkyl; 

T is -CHR 11 - or -NRd-, where Rd is H or C r C 3 alkyh 
20 in the case where R r taken together with R 7 * forms a Ca-Ce cycloalkyl, one of Rx, Rd 
orR 11 can be J; 
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J Is a 5 to 10 membered saturated or unsaturated alkylene chain extending from the 
R 7 /R 7 ' cycloalkyl to Rx, Rd or R 11 to form a macrocyde. which chain is otherwise as 
defined above; 

and pharmaceutical^ acceptable salts and prodrugs thereof. 

5 

Without in any way wishing to be bound by theory, or the ascription of tentative 
binding modes for specific variables, Pt, P2, P3 and P4 as used herein are provided 
for convenience only and have their conventional meanings and denote those 
portions of the Inhibitor believed to fill the S1 , S2, S3 and S4 subsites respectively of 
10 the enzyme, where S1 is adjacent the cleavage site and S4 remote from the 
cleavage site. 

The compounds of the present invention, as embodied in formula I and VI can be 
briefly represented as R 16 -G-P4-P3-link-P2-P1, wherein P3 and/or P4 may be 

15 absent, and P1.P3 and P4 each represents a building block constituted of a 

derivative of a natural or unnatural amino acid, P2 is a cyclic residue and G and R 1e 
are as defined for formula I and VI. The link is a carbonyl or other function as defined 
for E. The P1 and P2 building blocks and the P3 and P4 building blocks are thus 
linked together by amide bonds whereas the P2 and P3 building blocks are linked 

20 through the above described link. The amide bonds are thereby reversed relative to 
each other on each side of the link in the compounds according to formula (I) and 
(VI). 

Additional aspects of the invention include a pharmaceutical composition comprising 
:": 25 a compound of Formula I or VI as defined above and a pharmaceutical^ acceptable 
j carrier or diluent therefore. 

V : The compounds and compositions of the invention have utility in methods of medical 
treatment or prophylaxis of HCV Infections in humans. Accordingly, a further aspect 
- : 30 of the invention is the use of a compound as defined above in the manufacture of a 
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medicament for the prophylaxis or treatment of flavlvlrus Infections in humans or 
animals. Exemplary flavivirus include BVDV, dengue and especially HCV. 

Preferred values for q and k in Formula I include 1:2, 2:1, 2:3, 3:2, 3:3, more 



where e is 1 or 2. 

10 It is currently preferred that E is -C(=C> or -ON-Rf , for example where Rf is _-CN 
or-C<«0)NH 2 

Preferred values for q' and k in formula VI include 0:2, 1 :1 , 1:3, 2:2, 2:3, more 
preferably 1 :2; and most preferably 0:1 , in which case preferred compounds have 
15 one of the partial structures: 



5 preferably 2:2; and most preferably 1:1 , in which case preferred compounds have 
the partial structure: 





especially where Rz Is H or Rq is H or methyl. 



Compounds of formula I and VI may comprise both a P3 and a P4 function, viz m 
and n are each 1. These embodiments of the invention thus have the formulae llld- 
illfa for formula I, and Vlllc and Vllfd for formula VI 
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R>(CHa), {CHA 



R15 O R>.^q^n 2 ;» 

R16 ' e T s ^'T Y N Y Y 

O Ru R11 O OR7 R,' 
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R15 O R,(CH2>,(CHA 

RIG^Y^^^'" Y X * 
O Ru R11 6e O R7 R/ 



R15 O 
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R8 

X 

yS j V 6 y n 

O Ru R11 O OR7 R/ 



Hie 

O Ru R11 Kj QR7 R 7 ' 

Rr' 

lllte 



Rie< 6 



R16 



R1B 




<5 Ru R11 o VIIW jj r/^V 



5 Alternative configurations of Formula I and VI comprise a P3, but no P4 function, viz 
m Is 1 and n Is zero. Preferred embodiments with this configuration Include Formulae 
lla- lie within Formula I and Formulae Vila and VHb in Formula VI. 
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w 



R16„ 



u Mt. (CHA 

R11 O OR7 R,' 

ria 

X 

U (fclCH,), <CH,», 

R11 Oe o *7 R,' 

iic 



Re 
w 



Rie 



R16, 



U (CB») a (OH,}, 

R11 O o R7 R/ 

lib 

X 

U ^CH,), (CH,), 
Rf 

llaa 



Rie 



R16 




s Z^et^T ronfl9Uratt0n5 0,0,8 C ° mP0UndS * 1 - V. Include 

those where m and „ are zero and thus groups R 1e -G abu, P 2 . Embedments withi „ 
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this alternative include Formulae llla-lllc within Formula I and Formula VIII within 
Formula VI: 



r 



O 6 R7 R • ii 0 , 



1Mb 



A 



oR7, V o gn/\ 

Ilia 

X . 

Oe o R7 R r ' 
lllc 



Rie 




The compounds of the invention may comprise linear molecules, as depicted above 
Alternatively, in embodiments wherein R 7 and R» together define a spiro cycloalkyl ' 
group, such as spiro-cyclopropyl, the compounds of the Invention may be configured 
as macrocodes, wherein a linking group J extends between Rx or R 11 of formula I or 
10 Rx, Rd or R 11 of Formula VI. 

Embodiments of such macrocyclic structures within formula I with various 
permutations of P3 and P4 include Formulae Xlla-Xllc, Xllg-XIII and Xllla and Xlllb. 
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R16 



Q 
XHa 



R8 

X 

R>(CH 2 ) q (CHA 



U R>^«2W 2* 

l *v. o o 



R14 

X 



Xllb O O 



R8 

X 

a. 



R16 



G 

Xllc 



<= L -.^ e 0 T Xllaa k.N-Rf o ^ 

■ 1 ^ 



R14 



-•>.--( 

R14 
R8 

. X 

JL . Ni M— J 

Xllaa 

R14 
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R8 

X 

(CHAfCHA 



° Xllg k?- . ° T ° X ' ,b ^? ° 



R14 

R8 

X 

R15 O R>(CH S ),(CHA 



R14 



R8 



|- -n V -x--/ -H R16 O R>(CH 2 ) q (CH 2 k 

O Se 6 6 N-Rf ft 

XIII JF X||ga ->j_j. .... 



Oe O 
R14 



•-j-j-- 

R14 



Embodiments of such macrocytic slructures within formula VI with various 
permutations of P3 and P4 include Formulae XlVa-XIVf: 



30-, 
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In general linker J, where present, Is a 3 to 10 chain atom, preferably 5 to 8 atom, 
such as 6 or 7 atom, saturated or unsaturated alkylene chain. The length of the chain 
5 w,ll, of course, depend on whether J extends form Rd, Rx, or R« Suftable chains are 
described in detail In WO 00/59929. 



Conveniently, the J chain contains one or two heteroatoms selected from: O, S NH 
NC-Cb alkyl or N-C^OJCrCealkyl. More preferably, the J chain optionally contains' 
one heteroatom selected from: NH, or N-C^d-Cealkyl, most preferably N(Ac) 
Most preferably, the chain containing a nitrogen atom is saturated. Alternatively J 
contains one heteroatom selected from: 0, or S. Preferably, this chain is substituted 



10 
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with R 14 , such H or methyl. Even more preferably, J is saturated. 

Alternatively, J contains a double bond, typically spaced one carbon from the 
cycloalkyl R 7 function. The double bond may be cis or trans. 

5 Representative examples of J thus Include pentanyl, hexanyl, heptanyl. any of which 
are substituted with d-C 6 alkyl. Ci-C 6 haloalkyl, d-C e aikoxy, hydroxy), halo, amino, 
oxo. thio or Ci-Co thioalkyl; penten:3:yl, hexen:4:yl f hepten;5 yl. where 3. 4 or 5 
refers to a double bond between 3 carbon atoms 3 and 4. 4 and 5 etc. 

10 Convenient R 7 and R 7 ' groups include those wherein R 7 ' Is H and R 7 is n-ethyl. n- 
propyl, cyclopropylmethyi, cyclobutylmethyl, 2,2-difluoroethyl, or mercaptomethyl. 
Preferred embodiments include those wherein R 7 is n-propyl or 2,2-difluoroethyl. 

Attentively, R? and rT ' together define a sprro-cycloalkyl function, such as a spira- 
ls cyclobutyl ring, and more preferably a spiro-cyclopropyl ring. The ring is substituted 
or unsubstituted. Preferred substituents include mono or di-substitutions with R 7,a 
wherein R 7 ' a is d-C e alkyl, C3-C5cycloalkyl f or d-C 6 alkenyl, any of which is 
optionally substituted with halo. Alternatively the substituent may be a J linker as 
described above. 



20 



25 



": 30 



Particularly preferred substituents include R 7 ' 3 as ethyl, vinyl, cyclopropyi, 1- or 2- 
bromoethyl, 1-or 2-fluoroethyl, 2-bromovinyl or 2-fluorethyl. Currently preferred 
stereochemistries for a spiro-cyclopropyl ring are defined below. 

A favoured configuration for A is -CR 4 R 4 ' as illustrated in detail in PCT/EP03/1059S, 
the contents of which are Incorporated by reference. 

Convenient R 4 groups thus include d-Cealkyl. such as methyl, ethyl, propyl, ethenyl 
and — CHCHCH 3 , Alternative preferred R 4 groups include aryl or heteroaryl such as 
optionally substituted phenyl, pyridyl, thlazolyl or benzimidazolyl or d-C 3 alkylaryl or 
Ci-C 3 alkylheteroaryl. where the alkyl moiety is methyl, ethyl, propyl, ethenyl and - 
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CHCHCH 3 . Preferred aryl moieties Include optionally substituted phenyl, 
benzothiazole and benzimldazole. 

Favoured R 4 ' groups include ~NH 2 , fluoro or chloro. Alternative preferred R4' groups 
5 include -OH and especially =0. 

An alternative favoured configuration for A is CONHR 3 , where R 3 Is optionally 
substituted C 0 -C 3 alkylaryi t Co-Caalkylhetroaryl, OC 0 -C 3 alkylaryl or OC 0 - 
C 3 alkyIhetroaryl. 

An alternative favoured configuration for A is CONHS0 2 R 2 , especially where R 2 is 
optionally substituted C r C a alkyl, preferably methyl, or optionally substituted C 3 - 
C 7 cydoalkyl, preferably cydopropyl, or optionally substituted C 0 -C 6 alkylaryl, 
preferably optionally substituted phenyl. 

A particularly preferred configuration for A is COOR\ especially where R 1 is d-C, 
alkyl, such as methyl, ethyl, or tert-butyl and most preferably hydrogen. 

Substituent -W-R8 to the cyclic 92 group can employ any of the proline substltuents 
which are extensively described in WO 00/59929. WO 00/09543, WO 00/09558, WO 
99/07734, WO 99/07733, WO 02/60926, WO 03/53349, WO03064416 
WO03064455, WO03064456. WOO 03/99274, WO03/99316 and the like, 

Preferred W functions include W is -OC(=0)NH- f -OC(=0)-, -NH-, -NR 8 '-, -NHS{0) 2 - 
or -NHC(=0)-, especially -OC(=0)NH- or -NH-. Favoured R a groups for such W 
functions include optionally substituted Co-C 3 -alkylcarbocyclyl or C 0 -C 3 ~ 
alkylheterocyclyl, including those described In WO0009543, WO0009558 and Wo 
00/174768. For example ester substltuents include those disclosed In WO 01/74768 
such as alkyl, Co-C 3 ary|oyl, particularly (optionally substituted) benzoyl or C 0 - 
30 C 3 het~oyl, especially 



15 



20 



25 
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This publication also describes alternative -W-R 8 possibiliteis such as Ci-C 6 alkyl, 
such as ethyl, isopropyl, C 0 -C 3 -cycloaJkyi such as cyclohexyl, 2,2-difluoroethyl, - 
C(=0)NRc, where Rc is d-d alkyl, C<rd-cyc1opropyI, C 0 -C 3 -aryl or C 0 -C 3 - 
5 heterocyclyL 



Currently preferred W functions include -S- and especially -CK Convenient values 
for R B in such embodiments include C 0 -C 3 afkylaryl f or C 0 -C 3 alkylhetroaryl either of 
10 which is optionally mono, di, or tri substituted with R 9 , wherein; 

R 9 is C r C 6 alkyl, d-dalkoxy, NOa. OH, halo, trifluoromethyl, amino or amido 
optionally mono- or di-subsBtuted with CrCsalkyl, Co-C 3 alkylaryl, C 0 - 
C 3 alkylhetroaryl, carboxyl, aryl or heteroaryl being optionally substituted with 
R 10 ; wherein 

15 r1 ° ,s Ci-Cealkyl, C 3 -C 7 cycloa!kyl, Crdalkoxy. amino optionally mono- or 

di-substituted with d-dalkyl, d-C 3 alkyl amide), sulfonyld-C 3 alkyl, N0 2 , 
OH, halo, trifluoromethyl, carboxyl, or hetroaryl. 



20 



Preferred R 9 is d-C e alkyl, d-C 6 alkoxy, amino, dKCi-C 3 alkyi)amino, C r 
C 3 alkylamide, aryl or hetroaryl, the aryl or hetroaryl being optionally substituted with 
R 10 ; wherein 

R 10 is C r C 6 alkyl. Cs-Cycycloalkyl, d-Cealkoxy, amino, mono- or di-C r C 3 
alkylamino, amido, Ci-C 3 alkylamide. halo, trifluoromethyl, or hetroaryl. 

25 Preferred R 10 include d-C 6 alkyl. Ci-dalkoxy, amino optionally mono- or di 
substituted with d-C 3 alkyl, amido, d-d-alkylamlde, halo, or hetroaryl. 
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Particularly preferred R 10 Include methyl, ethyl, Isopropyl , tert-butyl, methoxy, 
chloro, amino optionally mono- or dl substituted with Ci-C 3 alkyl, amldo, d- 
C 3 alkylamide, or Ci-dalkyI thlazole. 

5 Especially preferred R 8 Include 1-naphthlmethyl, 2-naphtylmethyl. benzyl, 1- 

naphthyl, 2-naphthyl, or quinollnyl unsubstituted , mono, or disubstituted with R 9 as 
defined, In particular 1-naphthylmethyI, or quinolinyl unsubstituted , mono, or 
disubstituted with R 9 as defined. 

10 A currently preferred R a is: 



R9b 



wherein R 9 * is d-C e alkyl; d-C 6 aikoxy; thlod-C 3 alkyl; amino optionally substituted 
15 with C,-C e alkyl; C 0 -C 3 alkylaryl; or C<rC 3 alkylheteroaryl, C 0 -C 3 alkylheterocyclyl, said 

aryl, heteroaryl or heterocycle being optionally substituted with R 10 wherein 

R 10 is d-C e alkyl, Cs-Cycycloalkyl. d-C 6 alkoxy, amino optionally mono- or di- 
substituted with CrCealkyl, amido, d-C 3 alkyi amide, heteroaryl or 
heterocyclyl; and 

20 R 9b is d-C 6 alkyl. d-Ce-alkoxy, amino, di(d-C 3 alkyl)amino, (d-C 3 alkyl) amide. 
N0 2r OH, halo, trifluoromethyl, carboxyl. 

Conveninet R 9a Include aryl or heteroaryl, all optionally substituted with R 10 as 
defined, especially where R 9a ls selected from the group consisted of : 




25 
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wherein R 10 is H. Ci-C 6 alkyl, or Co-Csaikyl-CVCscycloalkyl, amino optionally mono- 
or di-substltuted with Ci-Cealkyl. amido. (Ci-CgalkyOamlde, heteroaryl or 
heterocyclyl. 

5 R 9a is conveniently phenyl and thus R 8 is: 



R10a 




wherein R 10a is H, d-Calky!; d~C 6 alkoxy; or halo; and R 5 * Is d-C 6 alkyl, d~C s - 
10 alkoxy, amino, di(C r C 3 alky|)amino, (d-C 3 alkyl)amlde, N0 2 , OH, halo, 
trifluoromethyl, carboxyi. 

An alternative preferred R e is: 

R10a 



15 




... wherein R 0a is H, d-C 6 aikyl, or Co-C 3 alky|-C 3 -C e cycloalkyl f amino optionally mono- 

or dl-substltuted with C,-C 6 alkyl, amido, (d-C 3 alkyl)amide, heteroaryl or 
r . heterocyclyl; and R 9b is d-C 6 alkyl, d-d-alkoxy, amino, di(d-C 3 alkyl)amfno, (C r 
20 C 3 alkyl)amide, N0 2 , OH, halo, trifluoromethyl, or carboxyi. 

In the immediately above described embodimetns R 9b is conveniently d-d-alkoxy, 
preferably methoxy. 



30-JAN-04 FRI 15:39 MEDIVIR * FAX NO. 01223 847894 P. : 

01223 847894 

Ink. t. Pa!?ni- och reo.verkt 

M183 19 HuwrffgKwi Kossan 



A further ether substftuent R 9 has the formula 



10 



15 



20 



25 




(CH 2 ) r 



where W is N or CH, r Is 0 or 1, Ra is H, C r C 6 alkyl, Co-C 3 cydoalkyl. C-C* alkyloxy 
hydroxy or amine and Rb is H. halo, C r Ce alkyl, Co-C 3 cycloalkyl, C^C* alkyloxy. C,- 
C e thioalkyl, cycloalkylCo-Caalkyloxy, Ci-CaalkyloxyCi^alkyl, QrCaryi or C 0 - 
C 3 heterocyclyl. A particularly preferred ether substituent is 7-methoxy-2-phenyl- 
qulnolin-4-yl oxy. 

Preferred P3 groups include aliphatic amino acids, such as L-valyl, Ueucyl, L- 
isoleucy! or L- t-leucyl. Further preferred P3 groups, as shown In WO 02/01698 
include C 0 -c 3 cycloalkyl, especially cyclohexylalanine, optionally substituted with 
C0 2 Rg ? where Rg is H, Is C,-C6 alkyl, Co-C 3 «alkylaryl, C-C^alkylhet, Co- 
Caalkylcycloalkyl or amine; or N-acetylpiperidine or tetrahydropyran. Preferred R 11 
groups thus include C r C 6 alkyl, C 0 -C 3 alkylC 3 -C 7 cycloalkylyl. C^alkylaryl or Co-C, 
alkylheteroaryl. any of which is optionally substituted with hydroxy, halo, amino Cl - 
Coalkoxy. 0,-Cothioalkyl, COOR" , carboxyl, (C^CealkoxyJcarbonyl, aryl. heteroaryl 
or heterocyclyl, especially where the substituent Is hydroxy or COOR 14 . 

Particularly preferred R 11 Include tert-butyl, iso-butyl, cydohexyl. phenylethyl, 2.2- 
dimethyl-propyl. cyclohexylmethyl, phenylmethyl. 2-pyrfdylmethyl, 4-hydroxy- 
Phenylmethyl, or carboxylpropyl. The most preferred R« values are currently tert- 
butyl, Iso-butyl, or cydohexyl. 

Representative embodiments of P3 aroupe whloh lack e oerboxy function (ie variable 
T is absent) include: 
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At^n 




where Ar is carbocyclyl or heterocyclyl, and the corresponding variants of formula 



VI. 



R is preferably optionally substituted d-Caalkyl, C3-C 7 cycloalkyl or Co-CgalkylCa- 
5 C 7 cycloalkyI. Preferred P4 groups are typically aliphatic amino acids such as L-valyl 
L-Jeucyl. L-isoleucyl , L-t-leucyl or L-cyclohexylalanlne and thus favoured R 16 groups 
Include cyclohexyl, cyclohexylmethyl, tert-butyl, Iso-propyl, or iso-butyl. 

Preferred G values Include -NRy-, especially wherein Ry is methyl or preferably H 
10 or hydrazine. 

A further preferred G value is O thereby defining an ester with the carbonyl of P4 (If 
present) or the carbonyl of P3 (if present) or an ether in the case of variants wherein 
group U is absent Conventional pharmaceutical* acceptable ethers or esters 
15 capping groups for R* include Cl -C 6 alkyl (especially methyl or t-butyl) C 0 - 
C^lkylheterocyclyl (especially pyridyl, benzimidazolyl, piperidyl, morpholinyl, 
plperazinyl) or C 0 -C 3 a.kylcarbocyclyl (especially phenyl, benzyl, indanyl) any of which 
.s optionally substituted with hydroxy, halo, amino, or C-Cealkoxy. 

20 Favoured R« groups thus include 2-indanol, indanyl, 2-hydroxy-l-phenyl-ethyl 2- 
thiophenemethyl, cyclohexylmethyl. ^methylenedioxybenzyl. cyclohexyl. phenyl 
benzyl, 2-pyridylmethyl, cyclobutyl. Iso-butyl. n-propyl. or 4-methoxy P henylethyl. 

currently preferred R« groups .nclude 2-lndanol, indan. 2-hydroxy-l-phenyl-ethyl, 2- 
25 th / ophenemethyl,2,3-methylenedloxybenzyl, or cyclohexylmethyl. 
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Unnatural amino acids Include L-amino acids wherein the side chain Is not one of the 
20 naturally occurring amino acids. Examples of non-natural amino acids include L- 
beta-methylsulfonylmetbylalanine, L-cyclohexylalanlne, Hertiary-leuclne, L- 
norleucine, L-norvallne, L-ornithlne, L-sarcosine, L-citurllne, L-homophenylalanine, L- 
5 homoserine, L-beta-JI-napthylJalanlne, L-beta-(2-napthyl)alanine etc. Non natural 
amino acids also include the D-amino acids corresponding to the 20 natural amino 
acids and D-amino acids bearing other side chains, such as those listed above. 

'd-C 0 -alkyr as applied herein Is meant to include straight and branched chain 
10 aliphatic carbon chains such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t~ 
butyl r pentyl, Isopentyl, hexyl, heptyl and any simple isomers thereof. The alkyl group 
may have an unsaturated bond. Additionally, any C-rCe-alkyl may optionally be 
substituted by one or two halogens and/or a heteroatom S, O, NH. If the heteroatom 
is located at a chain terminus then it is appropriately substituted with one or 2 
15 hydrogen atoms. 

4 CrC3-alkyr as applied herein includes methyl, ethyl, propyl, isopropyl, cyclopropyl, 
any of which may be optionally substituted as described in the paragraph above or in 
the case of C 2 or C3, bear an unsaturated bond such as CH^CH. 



'Amine 1 includes NH 2 , NHCi-C 3 -alkyl or N(CrC 3 -alkyl)a- 

'Halo 1 as applied herein is meant to Include F, CI, Br, I, particularly chloro and 
preferably fluoro. 



m C 0 -C 3 -aryl f as applied herein is meant to Include a phenyl, naphthyl or phenyl fused 
to C3-C7 cyclopropyl such as Indanyl, which aryl is directly bonded (ie Co) or through 
an intermediate methyl, ethyf, propyl, or isopropyl group. Unless otherwise indicated 
the aryl group is substituted with 1-3 substituents selected from halo, hydroxy, nitro, 
30 cyano, carboxy, C r C 6 alkyl, C r C 6 alkoxy, C r C 6 alkoxy-C r C 6 alkyl, C^Ce afkanoyl, 
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amino, azido, oxp, mercapto, nitro C 0 -C 3 carbocyclyl. Co-CVheterocyclyl. "Aryl n has 
the corresponding meaning. 

'Cp-Ca-carbocyclyr as applied herein is meant to inciude 'C 0 -C 3 -aryl' and C 3 -C 7 
5 cycloalkyl. Unless otherwise Indicated the aryl group is substituted with 1-3 
substituents selected from halo, hydroxy, nitro, cyano, carboxy, Ci-C 6 alkyl, C r C6 
alkoxy, C r C 6 alkoxy-d-C alkyl. C,-C 6 alkanoyl, amino, azido, oxo. mercapto, nitro 
Co-Cacarbocyclyl, Co^-heterocyclyl. "Carbocyclyl" has the corresponding meaning. 
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'Co-Ca-heterooycylyl' as applied herein is meant to Include a monocyclic, saturated or 
unsaturated, heteroatom-containing ring such as piperidlnyl, morpholinyl, piperazinyl. 
pyrazolyl, imidazolyi, oxazolyl, isoxazolyl, thiazinolyl, Isothiazinolyl. thiazolyl 
oxadiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, tetrazolyl, furanyl. thienyl, pyridyl! 
pyrlmidyl, pyridazinyl, pyrazolyl, or any of such groups fused to a phenyl ring, such 
as quinolinyl, benzimidazolyl etc, which ring is bonded directly e fe (Co) or through an 
intermediate methyl, ethyl, propyl, or Isopropyl group. Unless otherwise indicated the 
hetero ring is substituted with 1-3 substituents selected from halo, hydroxy, nitro 
cyano. carboxy, Cl -C e alkyl, CVC 6 alkoxy, d-C* alkoxy-C-Ce alkyl, d-Ce alkanoyl] 
amino, azido, oxo, mercapto, nitro. C0-C3 carbocyclyl. Co-Ca-heterocyclyl 
"Heterocyclyl" and "Heteroaryl" has the corresponding meaning. 

Typically heterocycyl and carbocyclyl groups are thus a monocyclic ring with 5 or 
especially 6 ring atoms, or a bicyclic ring structure comprising a 6 membered ring 
fused to a 4, 5 or 6 membered ring. 

Typical such groups include C 3 -a cycloalkyl, phenyl, benzyl, tetrahydronaphthyl, 
indenyl, indanyl, heterocyclyl such as from azepanyl, azocanyl, pyrrolidinyl, 
Plperidinyl, morpholinyl. thiomorpholinyl, piperazinyl. Indolinyl, pyranyl, 
tetrahydropyranyl, tetrahydrothiopyranyl, thiopyranyl, furanyl. tetrahydrofuranyl 
thienyl, pyrrolyl, oxazolyl, isoxazolyl. thiazolyl, imidazolyi. pyrldinyl. pyrlmidinyl. 
pyrazinyl, pyrldazlnyl, tetrazolyl, pyrazolyl, indolyl, benzofuranyl, benzothienyl 
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benzimidazoiyl, benzthiazolyl, benzoxazolyl, benzisoxazolyl, quinolinyl, 
tetrahydroquinolinyl, Isoquinollnyl, tetrahydroisoquinolinyl, quinazolinyl' 
tetrahydroqulnazolinyl and quinoxalinyl, any of which may be substituted as defined 
herein. 

The saturated heterocycie thus Includes radicals such as pyrrollnyl, pyrrolidine 
pyrazolinyl, pyrazolidinyl, plperidlnyl, morpholinyl. thiomorpholinyl, pyranyl 
thiopyranyl, piperazinyt, indolinyl, azetidinyl. tetrahydropyranyl. tetrahydrothiopyranyl 
tetrahydrofuranyl, hexahydropyrimidinyl, hexahydropyridazinyi, 1 ,4 >5 6- 
tetrahydropyrimid«nyiamine,dihydro-oxazolyl, 1.2-thlazlnanyM,1 dioxide 12 6- 
thiadiazinanyM.^ioxide, isothiazolidinyl-1,1 -dioxide and imldazolidinyl-2,4^one 
whereas the unsaturated heterocycle include radicals with an aromatic character ' 
such as furanyl, thienyi, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, 
•solhiazolyl, oxadiazolyl, triazolyl, tetrazaiyl. thradiazolyl, pyridinyl, pyridazinyl 
pyrimidinyl. pyrazinyl, indolizlnyl, indoiyl, isolndolyl. In each case the heterocycle 
may be condensed with a phenyl ring to form a bicyclic ring system. 

in general preferred monocyclic rings include substituted pyrldyi, substituted 
pyrimidyl, substituted phenyl, particularly phenyl substituted with a cyclic group such 
as pyrroiidine-1-yl, pfperidfne-^yl, morpholfn-4-yl, 4-methylpiperazin-1-y| 2 - 
morpholirwj.y|.ethylamino, and plperazin-1-yl, piperid-4-y| of N-piperazinyl N- 
substituted with Ra or piperidin-1-yl which is 4-substituted with -NRaRb. 

Synthesis of the compounds of the present invention can be performed by different 
chemical strategies in solution or solid phase or a combination of both. The suitably 
Protected individual bul.ding blocks can first be prepared and subsequently coupled 
together i.e. P2+ P1^ P2-P1. Alternatively, precursors of the building blocks can be 
coupled together and modified at a later stage of the synthesis of the inhibitor 
sequence. Further building blocks, precursors of building blocks or prefabricated 
b.gger fragments of the desired structure, can then be coupled to the growing chain 
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e.g. R 1e -G-P3+ E-P2-P1-* R«-G-P3-P2-P1 or R 16 -G-P4-P3+E-P2-P1-+ R 16 -G-P4- 
P3-E-P2-P1. 

Coupling between two amino acids, an amino acid and a peptide, or two peptide 
5 fragments can be carried out using standard coupling procedures such as the azide 
method, mixed carbonlc-carboxyllc add anhydride (isobutyl chloroformate) method, 
carbodiimide (dlcyclohexylcarbodlimide, diisopropylcarbodilmide, or water-soluble 
carbodiimide) method, active ester (pnitrophenyl ester, N-hydroxysuccinic imldo 
ester) method, Woodward reagent K-method, carbonyldiimidazole method, 
phosphorus reagents or oxidation-reduction methods. Some of these methods 
(especially the carbodiimide method) can be enhanced by adding 1 - 
hydroxybenzotriazole or 4-DMAP. These coupling reactions can be performed In 
either solution (liquid phase) or solid phase. 
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More explicitly, the coupling step involves the dehydratlve coupling of a free carboxyl 
of one reactant with the free amino group of the other reactant in the present of a 
coupling agent to form a Unking amide bond. Descriptions of such coupling agents 
are found In general textbooks on peptide chemistry, for example, M. Bodanszky. 
"Peptide Chemistry". 2nd rev ed., Springer-Verlag, Berlin, Germany, (1993) hereafter 
simply referred to as Bodanszky, the contents of which are hereby incorporated by 
reference. Examples of suitable coupling agents are N.N'-dicyclohexylcarbodiimide, 
1-hydroxybenzotriazole in the presence of N,N'- dicyclohexylcarbodiimide or N-ethyl- 
N'- [ (3dimethylamino) propyl] carbodiimide. A practical and useful coupling agent is 
the commercially available (benzotriazoM-yloxy) tris- (dimethylamino) phosphonium 
hexafluorophosphate, either by itself or in the present of 1-hydroxybenzotriazole or 
4-DMAP. Another practical and useful coupling agent Is commercially available 2- 
(IH-benzotriazoH-ylHM, N, N\N - tetramethyluronium tetrafluoroborate. Still another 
practical and useful coupling agent is commercially available O-rz-azabenzotrizol-l- 
yl)-N, N,N', N'-tetramethyluronlum hexafluorophosphate. 

The coupling reaction Is conducted in an inert solvent, e. g. dichloromethane. 
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acetonitrile or dimethylformamide. An excess of a tertiary amine, e. g 
dllsopropylethylamlne, N-methylmorpholine, N-methylpyrrolidine'or 4-DMAP is added 
to maintain the reaction mixture at a P H of about 8. The reaction temperature usually 
ranges between 0 »C and 50 X and the reaction time usuaily ranges between 1 5 
5 min and 24 h. 

The functional groups of the constituent amine acids generally must be protected 
dunng the coupling reactions to avoid formation of undesired bonds. The protecting 
groups that can be used are listed In Greene, "Protective Groups in Organic 
Chemistry", John Wiley & Sons, New York (1981) and 'The Peptides: Analysis 
Synthesis, Biology", VoL 3, Academic Press, New York (1961). hereafter referred to 
simply as Greene, the disclosures of which are hereby incorporated by reference 
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The a-carboxyl group of the C-terminal residue is usually protected as an ester that 
can be cleaved to give the carboxylic acid. Protecting groups thatcan be used 
mclude 1) alkyl esters such as methyl, trimetbylsllyl and tbutyl, 2) aralkyi esters such 
as benzyl and substituted benzyl, or 3) esters that can be cleaved by mild base or 
mild reductive means such as trlchloroethyl and phenacyl esters. 

The a-amino group of each amino acid to be coupled must be protected. Any 
protecting group known in the art can be used. Examples of such groups include- 1 ) 
acyl groups such as formyi, trifluoroacetyl, phthelyl, and P -toluenesulfony|- 2) 
aromatic carbamate groups such as benzyloxycarbonyl (Cbz or Z) and substituted 
bensyloxycarbonyls. and 9-fluorenylmethyloxyearbonyl (Fmoc); 3) aliphatic 
carbamate groups such as tertbutyloxycarbonyl (Boc), ethoxycarbonyl 
dlisopropyimethoxycarbonyl, and allyloxycarbonyl; 4) cyclic alkyl carbamate groups 
such as cyclopentyloxycarbonyl and adamantyloxycarbonyl; 5) alkyl groups such as 
triphenylmethyl and benzyl; 6) trialkylsllyl such as trimethylsilyl; and 7) thiol 
containing groups such asphenylthfocarbonyl anddithiasuccinoyl. The preferred ex- 
amine protecting group Is either Boc or Fmoc. Many amino acid derivatives suitably 
protected for peptide synthesis are commercially available 
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The a-amino protecting group is cleaved prior to the next coupling step. When the 
Boc group is used, the methods of choice are trifluoroacetio acid, neat or in 
dichloromethane, or HCI in dloxane or in ethyl acetate. The resulting ammonium salt 
5 is then neutralized either prior to the coupling or in situ with basic solutions such as 
aqueous buffers, or tertiary amines In dichloromethane or acetonitrile or 
dlmethylformamide. When the Fmoc group is used, the reagents of choice are 
piperidine or substituted piperldine in dimethylformamide, but any secondary amine 
can be used : The deprotection Is carried out at a temperature between 0 °C and 
10 room temperature usually 20-22 °C. 

Any of the natural or non-natural amino acids having side chain functionalities will 
typically be protected during the preparation of the peptide using any of the above 
described groups. Those skilled in the art will appreciate that the selection and use 
of appropriate protecting groups for these side chain functionalities depend upon the 
amino add and presence of other protecting groups In the peptide. In the selection of 
such protecting groups it is desirable that the group is not removed during the 
deprotection and coupling of the a-amino group. 
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For example, when Boc is used as the a-amino protecting group, the following side 
chain protecting groups are suitable: p-toluenesulfonyl (tosyl) moieties can be used 
to protect the amino side chain of amino acids such as Lys and Arg; 
acetamidomethyl, benzyl (Bn), or tert-butylsulfonyl moities can be used to protect the 
sulfide containing side chain of cysteine; benzyl (Bn) ethers can be used to protect 
the hydroxy containing side chains of serine, threonine or hydroxyproline; and benzyl 
esters can be used to protect the carboxy containing side chains of aspartic acid and 
glutamic acid. 

When Fmoc is chosen for the a-amine protection, usually tert butyl based protecting 
groups are acceptable. For instance, Boc can be used for lysine and arginine, 
tert.butyl ether for serine, threonine and hydroxyproline, and tert-butyl ester for 
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asparttc acid and glutamic acid. Tn'phenylmethyl (Trityl) moiety can be used to 
protect the sulfide containing side chain of cysteine. 

Once the inhibitor sequence is completed any protecting groups are removed in 
5 whatever manner is dictated by the chojce of protecting groups. These procedures 
are well known to those skilled in the art. 

In compounds of Formula I, the P2 unit comprises a nitrogen-containing ring residue 
which is substituted with the W and R8 moieties. 

10 

Synthesis of he terocyclic P2 build ing hlprfrft 

Compounds wherein W is O and R8 is alkyl. C0-C3 carbocycylyl, Co-C-heterocycylyl 
can be prepared according to the procedure described by E. M. Smith et al, (J. Med. 
Chem. (1 988), 31 , 875-885), as depicted in Scheme 1 , which Illustrates the 
1 5 technique in a moiety wherein q and k are 1 . 

R3 




1a 1b 



Scheme 1 



Commercially available Poc-4-(R)-hydroxyproline, or any suitable hydroxy 
substituted proline analogue, such as an hydroxyplperidoic acid Is treated with a 
base, such as sodium hydride or potassium tbutoxide in a solvent like 
dimethylformamide and the resulting alkoxlde is reacted with an alkylating agent, R 8 - 
X, wherein X is a suitable leaving group such as a halide like chloride, bromide or 
iodide, providing the desired substituted proline derivative. 

Alternatively, when W is O or S and R B Is carbocyclyl such as phenyl or 
heterocyclylyl such as heteroaryl, the P2 building blocks can also be prepared via a 
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Mitsunobu reaction (Mitsunobu, 1981, Synthesis, January, 1-26; Rano et al., 
Tetrahedron Lett., 1995, 36, 22. 3779-3792; Krchnak et al.. Tetrahedron Lett., 1995, 
36, 5, 6193-6196; Richter et al., Tetrahedron Lett.. 1994, 35, 27. 4705^4706) as 
shown In Scheme 2, which Illustrates the technique In a moiety wherein q and k are 
5 1. 
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Scheme 2 



Treatment of the appropriate hydroxy substituted proline analogue, such as a 
hydroxypiperidoic acid, here shown as commercially available Boc-4-hydroxyproline 
methyl ester, with the desired alcohol or thiol (R 8 -WH) in the presence of 
triphenylphosphine and an activating agent like diethyl azodlcarboxyiate (DEAD) 
diisopropyl azodicarboxyiate (DIAD) or the like, provides the ester compound (2b) 
1 5 Hydrolysation of the ester to the acid by standard procedures provides the P2 
building block (2c). 

Alcohol (2a) can alternatively be treated with phosgene thus providing the 
corresponding chloroformate which upon reaction with an. amine, R 8 NH 2 , in the 
presence of a base like sodium hydrogen carbonate or triethylamine, provides 
carbamates i.e. W is -OC(=0)NH-, whereas reaction of alcohol (2a) with an acylating 
- agent, R8-CO-X, like an acid anhydride or acid halide for instance the acid chloride 
to provide esters, i.e. W is -OC(=0)-. 
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Various alcohols R 8 -OH, and alkylating agents R e -X are described in WO 00/09543 
and WO00/59929. An example of the synthesis wherein R e is a substituted quinoline 
derivative is shown in Scheme 3. 

R?>^^NH a rA °V^V INrla HO^R9 R9v^^^^R9 
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3d 
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_ OH x 
3b 



3f 



Scheme 3 



Friedel-Craft acylation of a suitable substituted aniline (3a), available either 
commercially or in the literature, using an acylating agent like acetyl chloride or the 

1 0 like in the presence of boron trichloride and aluminium trichloride in a solvent like 
dichloromethane provides (3b), Coupling of (3b) to a heterocyclic carboxylic acid (3c) 
under basic conditions, such as in pyridine, in the presence of an activating agent for 
the carboxylate group, for instance POCI 3 , followed by ring closure and dehydration 
under basic conditions like potassium terLbutoxide in tertbutanol provides quinoline 

1 5 derivative (3e), Quinoline derivative (3e) can be coupled in a Mitsunobu reaction to 
an alcohol as described above, or the hydroxy group can be displaced by a suitable 
leaving group such as a halide like chloride, bromide or iodide, by treatment of 
quinoline (3e) with an appropriate halogenating agent for example phosphoryl 
chloride or the like. 



A variety of carboxylic acids with the general structure (3c) can be used in Scheme 
3. These acids are available either commercially or In the literature. An example of 
the preparation of 2-<subsfltuted)-amino-carboxy-aminothiazoIe derivatives, following 
the procedure by Berdikhina et al. Chem. Heterocycl. Compd. (Engl. Transl.) (1991), 
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427-433. is shown below. 



„ 2N _ R , _^ y ^ *■ HaN x^ R " , HO V^ , ho^^s ■»* 

4b 4c O 



4d 



Scheme 4 



Thiourea (4c) with different alky! substituents R* can be formed by reaction of the 
appropriate amine (4a) with tertbutyiisothlocyanate in the presence of a base like 
diisopropylethylamlne in a solvent like dichloromethane followed by removal of the 
tert, butyl group under acidic conditions. Subsequent condensation of thiourea 
10 derivative (4c) with 3-bromopyruvic acid provides the acid (4d). 

P2 building blocks wherein the R 8 substituent is attached via a nitrogen atom i.e. W 
is amine, amide or sulphonamide, can be prepared from aminoproline analogues > 
achieved either from a suitable commercially available aminoproline, etc derivative or 
15 by transforming the hydroxy group of the corresponding hydroxy derivative into an 
azide group for example by transforming the hydroxy group Into a suitable leaving 
group such as a mesylate or halogen like chloride, followed by substitution of the 
leaving group with azide or by the use of an azide transfer agent like 
diphenylphosphoryl azide (DPPA). Reduction of the azide by catalytic hydrogenation 
20 or any other suitable reduction method provides the amine. The amino derivative can 
be reacted with an alkylating agent of the general formula R 8 -X wherein R 8 and X are 
as described for scheme 1, to form compounds wherein W is -NH-. Reaction of the 
aminoproline analogue with an acid of the general formula R 8 -COOH under standard 
amide coupling conditions provides compounds wherein W is -NHC(=0)-, whereas 
reaction of the aminoproline analogue with an appropriate derivative of sulphonic 
acid, R 8 -S(0)2-X where X is a leaving group for example chloride, in the presence of 
a base, provides sulphonamides. It will be apparent that corresponding reactions will 
be available for P2 groups with other ring sizes and substitution pattern. 
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4-Substituted heterocyclyl derivatives such as 4-substituted proline for use as P2 
building blocks where W is -CH 2 - can be prepared as shown In Scheme 5, which 
illustrates the technique on a moiety where q and k is 1 , according to the procedures 
5 described by J. Ezquerra et al., Tetrahedron, 1993, 38, 8665-8678 and C. Pedregal 
et al. Tetrahedron Lett., 1994, 35, 2053-2056. 




10 Scheme 5 

Treatment of suitably acid protected pyrrolidone or piperidinone such as 
commercially available Boc-pyroglutamic acid (5a) with a strong base such as lithium 
drisopropylamide in a solvent like tetrahydrofuran followed by addition of an 
15 alkylating agent R 8 -CH 2 -X where X Is a suitable leaving group such as a halide like 
chloride or bromide, followed by reduction of the amide and deprotectlon of the ester 
gives the desired compound (5d). 



Compounds with alternative ring size and/or position of the W-R 8 substituent of the 
20 proline derivatives in scheme 1 , 2 and 5 may also be used in the preparation of 
compounds according to the present invention. For example, alkylation of 
' : * commercially available 3-hydroxyproline provides compounds of the general formula 

(I) wherein k is 0 and q is 2. Correspondingly, alkylation of 5-hydroxyproline, 
:.. prepared for example as described by Hallberg et al., J. Med. Chem. (1 999), 4524- 

25 4 ^ 37, P rov fdes compounds of the general formula (I) wherein k is 2 and q is 0. 
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Various methods for the preparation of hydroxylated 2-piperidine carboxylic acids are 
described in the literature sefor instance Ceiestinl et ai., Org. Lett, (2002), 1367- 
1370, Hoarau et at., Tetrahedron: Asymmetry, (1996), 2585-2594, Zhu et ai., 
Tetrahedron Lett., 41 , (2000), 7033-7036. For example, the corresponding pyridine 
5 carboxylic acids can be reduced to provide hydroxylated 2-piperidine carboxylic 
acids. Enzymatical methods can also be used for the preparation of hydroxylated 
proline analogues. For example, a 3-hydroxy substttuent can be introduced On 
commercially available 4, 5, and 6 membered heterocyclic acids by the use of proline 
3-hydroxylase as described by Ozaki et ai., Tet Letters, 40, (1 999), 5227-5230. 

10 

Additional P2 building blocks, especially for compounds of formula VI are described 
in Schemes 11-15 below. 

Synthe sis and introduction of P 1 buiidina hiocks T 
15 The amino acids used in the preparation of P1 fragments are available either 

commercially or in the literature, see for example WO 00/09543 and WO00/59929 
from Boehringer-lngelheim. 

Scheme 6 shows an example of the preparation of a sulphonamide derivative to be 
20 used as a P1 fragment, and the subsequent coupling to a Boc protected P2 building 
block. 
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P^X^OH + H 2 N-l~R2 jJL J 



R2 

6 R7' X 



R7 R 7 » 

63 6b 6c 



>6j 




id X 0 O ^N-S— R2 

R7 ^ 

6e 



Scheme 6 



The sulphonamlde group can be Introduced on a suitably protected amino acid (6a) 
5 by treatment of the amino acid with a coupling agent, for example N,N'- 

carbonyldiimidazole (GDI) or the like, in a solvent like THF followed by reaction with 
the desired sulphonamide (6b) in the presence of a strong base such as 1 ,8- 
diazabicyclo[6.4.0]undec-7-ene (DBU). Alternatively the amino acid can be treated- 
with the desired sulphonamide (6b) in the presence of a base tike diisopropyl 

1 0 ethylamine followed by treatment with a coupling agent like PyBOP® to effect the 
introduction of the sulphonamide group. Removal of the amino protecting group by 
standard methods and subsequent coupling to a P2 building block, prepared as 
described above, using standard methods for amide bond formation, like with a 
coupling agent as O^r-azabenzotriazoH-yO-N.N.N'.N'-tetramethyluronium 

1 5 hexafluorophosphate (HATU) In the presence of a base such as dllsopropylamine in 
a solvent like dimethylformamlde, gives Boc protected P2-P1 construct (6e). 
Alternatively, the sulphonamide group can be introduced at a later stage of the 
synthesis, for example as the last step. In this case the carboxyllc acid is 
appropriately protected, for example as the methyl ester, and appropriately 

20 deprotected prior to the coupling of the sulphonamide group, for example with 
aqueous lithium hydroxide. 
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P1 building blocks for the preparation of compounds according to general formula I 
and VI wherein A is an ester or an amide can be prepared by reacting amino acid 
(6a) with the appropriate amine or alcohol respectively under standard conditions for 
amide bond or ester formation. P1 building blocks wherein A is CR 4 R* are described 
5 in Oscarsson et al Bloorg Med Chem 2003 11(13) 2955-2963 and PCTVEP03/10595 
filed 23.09.2003, the contents of which are incorporated by reference. 

gynthesls jof capped buijdin g hjnHgg 

The building blocks R 16 -G-P3 and R 16 -G-P4-P3 can be prepared as generally 
10 depicted in scheme 7. 



'-V% Rie-NHRy R1 ^6-*Y& pg 



HO 

R11 
7a 



R1T 

7b 



7c 



R1 1 1 has the same definition as R1 1 
R1 5 but is not part of a macrocycle 



R1 r 0 R16-X 

r\ I It H or R15 O ., 

W KIT O " D44> 



7d 

Scheme 7 



O R1f 
7e 



15 



20 



A suitable N-protected amino acid (7a) can be coupled with an amino capping group 
(R -NHRy) using standard peptide coupling conditions like with coupling agents 
such as HATU, DCC, HOBt or the like in the presence of a base such as DIEA or 
DMAP in a solvent like dichloromethane, chloroform or dimethylformamide or a 
mixture thereof and ester formation conditions like providing amides i.e. G is NHRy 
(7b). Alternatively, reaction of amino acid (7a) with a compound of general formula 
" X Where R is as defined above a n<i X is a leaving group such as a halide, in 
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the presence of a base like cesium carbonate or silver (I) oxide provides esters, i.e. 
G is O (7b). On the other hand, amino acid (7a) can be coupled to a second, suitably 
O-protected. amino acid (7d) using standard peptide coupling conditions as 
described above, providing (7e). Displacement of the ester group with a suitable 
capping group (7b) provides fragment (7f) useful for the preparation of compounds 
according to the present invention wherein m and n are 1. 

When G is N-Ry, the capped P3 or P2 building block can also be prepared on solid 
support as exemplified in Scheme 8. 




8b . 




O F 



8b 



Ry R15 



Bd 



Scheme 8 



An appropriate N- P rotected, for example Boc protected, amino acid (8a) can be 
immobilized on a solid support, here exemplified by Agronaut resin PS-TFP by 
reacting the amino acid with the desired solid support in the presence of coupling 
reagent like N.N'-diisopropylcarbodiimide and a base like DMAP in a solvent like 
dichloromethane and dimethylformamlde. The Immobilized amino acid can then be 
cleaved from the support with a suitable capping group (8c) thus giving fragments 
useful for the preparation of compounds according to the present Invention wherein 
m or n Is 1. Optionally the amino protecting group can be removed followed by 
coupling of an appropriate amino acid using standard methods thus providing 
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fragments useful for the preparation of compounds according to the present 
invention wherein m and n are 1 . 

Hydrazine containing P3 and P3-P4 building blocks can be prepared by the use of 
5 tert. butyl carbamate instead of amino acid 7a and 8a in schemes 7 and 8 

respectively thus providing intermediates for the synthesis of compounds wherein T 
is NRd. 

^upJipg^acaBBing group or a canted byjlfl pg block to the P2-P1 C nn ft frn,n t 
10 The R 16 -G, RW-G-P3 or R ie -<3-P4-P3 building block linked via a urea functionality to 
the P2-P1 construct, can be introduced as depicted in scheme 8, which Illustrates 
the technique with a variant In which P2 is a heterocyclic residue. 



Ddeprotectton 
2) phosg ene 




9a 




R16-G 




15 



Scheme 9 

A chlorocarbamate group can be formed onto the ring amine of the P2-P1 construct 
(9a) by removal of the amine protection group by standard procedures, like acidic 
treatment with for example TFA In dichloromethane or the like when the Boo group Is 
used, followed by reaction of the free amine with phosgene in toluene in the 
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presence of a base such as sodium hydrogen carbonate ortriethylamlne in a solvent 
like tetrahydrofuran. Subsequent reaction of the formed electrophillc center with the 
amino group of a R 16 -G, R 16 -G-P3 or R 16 -G-P4-P3 building block (9c) in a solvent 
like dichloromethane In the presence of a base like sodium hydrogen carbonate 
5 provides (9d). Compounds of general formula (I) wherein E is C=S, S(=0) or S(=0) 2 
can be prepared according to the above procedure but with the use of reagents like 
thiocarbonyl dilmidazofe. thionyl chloride or sulphuryl chloride respectively instead of 
phosgene. 

10 The linkage between the P2 and P3 building blocks can also be via a carbamate 
group and a general route to such compounds is depicted in Scheme 10, which 
illustrates the technique with a variant in which P2 is a proline derivative. 

-R8 



15 



9 amide o 



H 2 N-R16 + ^A^OH c o"P"ng F^ N A_ 
10a ,„w R16 H R15 




0 6 R7 R7' 
OH 10d 



10c 



R15 O 
10e 




R16% K'ir ,0 Y^ N ~V' N V* A * ^" ^. Protected carbolic acid, 



H R15 o ILd-A,, substituted amide or CR4R4' 

Scheme 10 



The desired, optionally protected, amino capping group (10a) Is coupled to a hydroxy 
acid (10b) using standard peptide coupling techniques followed by reaction with the 
electrophilic P2 building block (1 0d) described above and optional deprotectlon 
provides construct (10e), 



20 
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Compounds lacking a carboxy group In the P3 unit can be prepared as Illustrated In 
Scheme 1 1 , which illustrates the technique as applied to a compound of Formula I 



,-R8 




11a 
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R8 



N3/v r x T N ~Sr N ^ A ' 

11c 



pi« a n 



R11" O 6 R7R7* 
11d 



peptide coupling 
or 

— >. 

reduotlveamlnatlon 



R16. 



11e 



Sta'^USS" 8 ^ nn i« on * 8 R 1 1b««t & not part of a macrocycle. 
A Is a protected carboxytfc acid, substituted amide or CR4R4'. 

5 Scheme 11 



10 



15 



20 



Chlorocarbamoyl derivative (11a) can be reacted in a displacement reaction with an 
azlde derivative (1 1 b), prepared by methods known from the literature, in the 
presence of a base like sodium hydrogen carbonate to give (11c). X is as described 
for general formula (I). Reduction of the azlde function for example by polymer 
bound triphenyl phosphine In a solvent like methanol or any other suitable reduction 
method provides intermediate (1 1d) which subsequently can be reacted with an acid 
under peptide coupling conditions or with an amine in a reductive amination reaction 
providing amides and secondary amines respectively. 

Instead of using the azlde derivative (1 1b) in the displacement reaction with 
chlorocarbamate (1 1 a) the corresponding hydroxy derivative can be used. 
Subsequent reaction of the formed alcohol with a suitable acylatfng or alkylating 
agent using the appropriate conditions provides the ester and ether compounds 
respectively, i.e. G is O in general formula (I). 
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Although Figure 1 1 has been described with reference to a compound of Figure I, it 
will be readily apparent that corresponding methodology is applicable for compounds 
of the Formula VI. 

Alternatively the linkage between the P2 and P3 building blocks can be via a 
guanidine group and a general route to such compounds is depicted in Scheme 12. 
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R11' has (he same definition as R11but is not part of a macrocycte. 
A' is a protected carboxylfe add, substituted amide or CR4R4\ 



Scheme 12 



I2e 



15 



Treatment of the P2-buildlng block (12a) with thlocarbonyl diimidazole or the like in a 
solvent like dimethylformamide followed by condensation with sodium cyanamlde in 
a solvent like ethanoJ affords the thiolate intermediate (12b). Reaction of 
intermediate (12b) with the desired building block, here shown as a capped P3 
building block (12c) provides the cyanoguanidine derivative (I2d). Other building 
blocks, R 1 *-G or R 16 -G-P4-P3, can alematlvely be coupled to the intermediate (12b). 



30-JAN-04 FRI 15:53 MED1VIR 4 FAX NO. 01223 847894 P. 1 

01223 847894 

t Patent- ocf? reg.vsrket 
/MD.< -07- 3 o 

M183 40 

Hydrolysis of the cyano group by treatment of (12d) with diluted hydrochloric acid 
gives the guanylurea derivative (1 2e). 

When R7, R7' and A' contains functional groups, these are suitably protected by 
5 methods recognized by persons skilled In the art, see for example Bodanzky or 
Greene cited above. 

■Qarbosyclic P2 building blocks 

A typical route to saturated, carbocyclic P2 bluidling blocks towards compounds of 
10 formula VI is shown In Scheme 13, which illustrates the technique with a variant 
wherein q* Is O and k is 1 . 



Q 




Rv- O 



R16 




«a 13b 13d Rx 

R7 R7' 

I3e 13f 13g 

Rx* and T have the same definitions as Rx and T respectively but are not nart nt n mwKw-i. 
A' is a protected carboxylic acid, substituted amide or CR4R4'. nrracrocycle. 

15 Scheme 13 

The saturated cycloalkyl scaffold (13b) can be prepared, for example, from 3,4- 
bls(methoxycarbonyJ)cyclopentanone (13a), described by Rosenqufst et al. in Acta 
Chem. Scand. 46 (1992) 1127-1129 by reduction of the keto group with a reduction 
20 agent like sodium borohydride in a solvent like methanol followed by hydrolysis of 
the esters and finally ring closure In acetic anhydride in the presence of pyridine. The 
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provided bicyclic acid (13b) can then be coupled to the amine function of the desired 
P3 fragment (13c), P3-P4 fragment or capping group R 16 -NHRy, using conventional 
peptide coupling conditions like with HATU and diisopropyl amine in a solvent like 
dimethyl formamide, giving (13d). Lactone opening of (13d) with for example lithium 
hydroxide provides the acid which subsequently can be coupled to the amino group 
of a P1 building block or a precursor of a desired P1 fragment (13e), using 
conventional peptide coupling conditions. The R 8 -substituent of the. carbocycel can 
be introduced for example by a Mltsunobu reaction with the appropriate alcohol as 
described above or by any other suitable method previously described. When R 7 , R 7 ' 
and A' contains functional groups, these are optionally suitably protected by methods 
recognized by persons skilled in the art, se for example Bodanzky or Greene cited 
above. 

Scheme 14 shows an alternative route towards saturated compounds of formula VI 
where the building blocks are introduced in the reversed order, i.e. the P1 fragment 
is Introduced before the capping group, P3 or P3-P4 building block. 



1.LIOH 



2. H Z N^,A' 
14b R7 R7- 

14c 
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m a 1 ' " R8 " ft **' 

14d Ffc'N. -R16 
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Scheme 14 
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Protection of the add group of (1 4a) for example as the tort, butyl ester by treatment 
with di-tert butyl dlcarbonate in the presence of a base like dimethylamlnopyridine 
and triethylamine In a solvent like dichloromethane provides ester (14b). Lactone 
opening and coupling of a P1 building block (14c) as described in scheme 13 or 
5 directly by the amine group of the P1 fragment provides (1 4d). Introduction of R B - 
substituent as described above followed by removal of the acid protection group by 
subjecting the ester to acidic conditions like trifluoroacetic acid and triethylsilane in a 
solvent like methylene chloride and finally coupling of the P3 building block (14e) 
- P3-P4 building block or capping group R 1e -NHRy, as described above provides <f> 
1 0 When R , r* and A' contain functional groups, these are optionally suitably 
protected by methods recognized by persons skilled in the art. see for example 
Bodanzky or Greene cited above. 

An unsaturated P2 building block towards the preparation of compounds of formula 
15 Vi can be prepared as illustrated with cyclopentene below. 

The cyclopentene scaffold is typically prepared as described in scheme 1 5. 




o 

15a 

20 Scheme 15 



o 

15b 



15c 



25 



A bromination-elemination reaction of 3t4-bis(methoxycarbonyl)cyclopentanone 
(15a) as described by Dolby et al. in J. Org. Chem. 36 (1971) 1277-1285 followed by 
reduction of the keto functionality with a reduction agent like sodium borohydride 
provides the unsaturated hydroxy compound (15b). Selective ester hydrolysis using 
for example lithium hydroxide in a solvent like a mixture of dioxane and water 
provides hydroxy substituted cyclopentene derivative (15c) 
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A P2 building block wherein Rq is other than hydrogen, such as a methylated 
oyclopentene scaffold can be prepared as shown In scheme 16. 




16e 
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5 Scheme 16 



Oxidation of commercially available 3-methyl-3-buten~1-ol (1 6a) by the use of an 
oxidation agent like pyridinlum chlorochromate followed by treatment with acetyl 
chloride, bromine and methanol provides the a-bromo ester (1 6c). The afforded ester 
10 (16c) can then be reacted with the enolate (1 6e), achieved for example by treatment 
of the corresponding tertbutyl ester with a base such as lithium diisopropyl amide in 
a solvent like tetrahydrofuran, to give the alkylated compound (I6f). The tert-butyl 
ester (1 6e) can be prepared by treatment of the corresponding commercially 
;> available acid (I6d) where k' Is 1 to 3 with di-tert.butyl dlcarbonate In the presence of 
| 15 a base like dlmethylamlnopyrldlne. Cyclisation of (16f) by an olefin metathesis 
: : reaction performed as described above provides oyclopentene derivative (1 6g), 
:": Stereoselective epoxidation of (16g) can be carried out using the Jacobsen 
•■: asymmetric epoxidation method to furnish the epoxide (16h). Finally, addition of a 
.j base like DBN (1 ,5-dia2abicyclo-[4.3.0]non.5-ene) yields the alcohol (161). Optionally 
20 the double bond of compound (161) can be reduced for example by catalytic 
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hydrogenatlon using a catalyst like palladium on carbon which provides the 
corresponding saturated compound. 

The afforded cyclic scaffolds can then be used, as described above, to complete the 
5 Inhibitor sequence. An example is shown in scheme 1 7. 
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Scheme 17 



The amino group of a P1-burldlng block or a suitable precursor thereof (1 7b) can be 
coupled to the acid of the cycfopentene derivative (17a) using standard amide 
coupling conditions followed by introduction of the R 8 ~substltuent for example by 
Mitsunobu conditions as described above to provide (17d). Hydrolysis of the 
1 5 remaining ester and subsequent amide coupling of a desired P3 or P3-P4 building 
block (17e) optionally followed by manipulations of the P1 part provides 
cyclopentene containing compounds (17f) according to general formula VI. When R 7 , 
R 7 * and A" contain functional groups, these are optionally suitably protected by 
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methods recognized by persons skilled in the art, see for example Bodanzky or 
Greene cited above. 

Formation of mac rocvcllc comp ounds 
5 Compounds according to the present Invention wherein an aikylene chain extending 
from the R 7 /R r cycloalkyl to Rx. Rd or R 11 thus forming a macrocycle, can be 
prepared as described below. Suitable P1, P2 and P3 building blocks, or precursors 
thereof, are coupled together using the strategies described above, followed by a 
ring-closing reaction (rriacrocyclization). The substituent W-R 8 of the P2 building 
1 0 block can be incorporated via a Mltsunobu reaction as described above, before or 
after formation of the macrocycle or the assembly can be done with the required 
substituted proline analogue or carbocycel. For macrocyclic structures extending 
from the R 7 /R 7 ' cycloalkyl to R 1 \ P3 amino acids containing the appropriate side 
chain can be prepared as described in WO00/59929. 

15 

A typical route to macrocyclic compounds is shown in Scheme 18 which illustrates 
the technique applied to a compound having a heterocyclic P2 and a spiro- ; 
cyclopropyl P1. where the macrocycle incorporates the P3 side chain. 
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18d 

Scheme 18 

Coupling of proline derivative (18a) with the appropriate, acid protected, amino acid 
(1 8b) using the conditions described above provides (1 8c). Formation of the 
macrocycle can then be carried out via an olefin metathesis reaction using a Ru- 
based catalyst such as the one reported by Miller, S.J., Blackwell, H.E.; Grubbs. 
R.H. J. Am, Chem. Soc. 118, (1996), 9606-9614, Kingsbury, J. S., Harrity, J. p. A„ 
Bonitatebua. P. J., Hoveyda, A. H., J. Am. Chem. Soc. 121, (1999), 791-799 and 
Huang et al M J. Am. Chem. Soc. 121, (1999), 2674-2678. It will also be recognized 
that catalysts containing other transition metals such as Mo can be used for this 
reaction. Optionally the double bond is reduced and/or the ethyl ester is hydrolysed 
by standard hydrogenatlon and/or hydrolysation methods respectively well known in 
the art. Alternatively the methyl ester can be selectively hydrolysed followed by 
: * 15 coupling of a R 16 -G-P4 building block by standara" peptide coupling conditions. The 
procedure described in Scheme 1 8 can also be applied to the corresponding 
carbocyclic analogues described above. When the linker contains a nitrogen atom 
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the ring closure can be carried out by reductive amination as described in 
WO0059929. 

Hydrazine containing macrocycflc structures can be prepared by the use of a 
5 carbazate derivative, N-alkylated with the appropriate chain, as the P3 unit. 
Carbazate derivatives can be prepared as described in Scheme 19 

199 190 

JO Scheme 19 

Oxidation of the appropriate alcohol (19a) with a suitable oxidation method like for 
example with N-methyl morpholine oxide and tetrapropylammonlum perruthenate in 
a solvent like dlchloromethane provides ketone (1 9b). Reductive alkylatlon of 
15 tert.butyl carbazate with the afforded ketone gives the P3 building block (19c). This 
P3 building block can subsequently be coupled to any of the described P2-P1 
building blocks. Scheme 20 exemplifies the coupling of a hydrazine containing P3 
building block to a cyclopentane scaffold followed by macrocyclisation 
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If 

19b 




I) 

Scheme 20 



19c 




19d 



&>upling of tte carbamate derivative (20b) with a P2-P1 building block (20a) using 
standard peptide coupling conditions provides intermediate (20c). Ring closure of 
(20o> by an olefin metathesis reaction as described above gives the macrocyclic 
compound (20d). 



The term N-protectlng gmup- or "N-protected- as used herein refers to those groups 
mtended to pmlec, me M-terminua of en amino add or peptide or to protect an amino 
group against undesirable reactions during synthetic procedures. Commonly used N- 
protechng groups are disCoeed in Greene, "Protective Groups in Organic Synthesis- 
(John Why & Sons. New York, 1981), which is hereby incorporated by reference. N- 
protectlng groups Include acyl groups such as fonrryl, acetyl, pmpionyl, pivaloyl, t- 
butylacetyl, 2-chlomacetyl, 2-bromoacetyl, sffluoraoetyf. trichlomacetyl. phthalyl. o- 
n Itrophenoxyacetyl, a-chlombutyryl. benzoyl, ^hlorobenzoyl, 4-bromobenzoyl, 4- 
nltrobenzoyl, and the like; eulfonyl groups such as benzenesulfonyl p. 

ptZorT ^ ««M» «* as benzyioxycarbonyl. 

P-chiorobenzyloxycarbonyl, p-methoxybenzyioxycarbonyl, P-nltrobenzyloxycarbonyl, 
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2-nitrobenzyloxycarbonyI, p-bromobenzyloxycarbonyl, 
3,4-dimethoxybenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 
2-nitrO'4,5-dimethoxybenzyloxycarbonyl, 3,4.5-trimethoxybenzyloxycarbonyl, 
1-(p-biphenylyl)-1-methylethoxycarbonyl, a,ct-dimethyl-3,5- 
5 dlmethoxybenzyloxycarbonyl, benzhydryloxycarbonyl, t-butoxycarbonyl, 
diisopropylmethoxycarbonyl, isopropytoxycarbonyl, ethoxycarbonyl, 
methoxycarbonyl, allyioxycarbonyl, 2,2,2-trichloroetboxycarbonyl, phenoxyoarbonyl, 
4-nitrophenoxycarbonyl, fluorenyl-9-methoxycarbonyl, cyclopentyloxycarbonyl, 
adamantyloxycarbonyl, cyclohexyloxycarbonyl, phenylthfocarbonyl, and the like; alkyl 
10 gropus such as benzyl, triphenylmethyl, benzyloxymethyl and the like; and sllyl 
groups such as trlmethylsilyl and the like. Favoured N-protecting groups Include 
formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl, 
t-butoxycarbonyl (BOC) and ben2yloxycarbonyl (Cbz). 

15 Hydroxy protecting group as used herein refers to a substltuent which protects 
hydroxyl groups against undesirable reactions during synthetic procedures such as 
those O-protecting groups disclosed in Greene, "Protective Groups In Organic 
Synthesis," (John Wiley & Sons, New York (1981)). Hydroxy protecting groups 
comprise substituted methyl ethers, for example, methoxymethyl, benzyloxymethyl, 

20 2-methoxyethbxymethyl, 2-(trimethylsily1)ethoxymethyl, t-butyl and other lower alkyl 
ethers, such as isopropyl, ethyl and especially methyl, benzyl and triphenylmethyl; 
tetrahydropyranyl ethers; substituted ethyl ethers, for example, 2,2,2-trichloroethyl; 
silyl ethers, for example, trimethylsilyl, t-butyldimethyisilyl and t-butyldiphenylsllyl; 
and esters prepared by reacting the hydroxyl group with a carboxylic acid, for 

25 example, acetate, propionate, benzoate and the like. 

In treating conditions caused by flavivirus such as HCV, the compounds of formula I 
or VI are typically administered In an amount to achieve a plasma level of around 
100 to 5000 nM, such as 300 to 2000 nM. This corresponds to a dosage rate, 
30 depending on the bioavailability of the formulation, of the order 0.01 to 1 0 mg/kg/day, 
preferably 0.1 to 2 mg/kg/day. A typical dosage rate for a normal adult will be around 
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0.05 to 5 g per day, preferably 0.1 to 2 g such as 500-750 mg, In one to four dosage 
unfts per day. As with all pharmaceuticals, dosage rates will vary with the size and 
metabolic condition of the patient as well as the severity of the Infection and may 
need to be adjusted for concomitant medications. 

5 

As is good prescribing practice with antiviral therapy, the compounds of formula I are 
typically coadministered with other HCV therapies to avoid the generation of drug 
escape mutants. Examples of such additional HCV antiviral therapies include 
ribavirin, interferons, including pegylated interferons. Additionally a number of 
10 nucleoside analogues and protease Inhibitors are in the development and will be 
amenable to co-administration with the compounds of the Invention. 

While it is possible for the active agent to be administered alone, It is preferable to 
present it as part of a pharmaceutical formulation. Such a formulation will comprise 
1 5 the above defined active agent together with one or more acceptable carriers or 
excipients and optionally other therapeutic ingredients. The carrler(s) must be 
acceptable in the sense of being compatible with the other Ingredients of the 
formulation and not deleterious to the recipient 

20 The formulations include those suitable for rectal, nasal, topical (including buccal and 
sublingual), vaginal or parenteral (including subcutaneous, intramuscular, 
intravenous and intradermal) administration, but preferably the formulation is an 
orally administered formulation. The formulations may conveniently be presented in 
unit dosage form, e.g. tablets and sustained release capsules, and may be prepared 

25 by any methods well known in the art of pharmacy. 

Such methods include the step of bringing into association the above defined active 
agent with the carrier. In general, the formulations are prepared by uniformly and 
intimately bringing into association the active agent with liquid carriers or finely 
30 divided solid carriers or both, and then if necessary shaping the product. The 

invention extends to methods for preparing a pharmaceutical composition comprising 
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bringing a compound of Formula I or V| or Its pharmaceutical^ acceptable salt in 
conjunction or association with a pharmaceutical^ acceptable carrier or vehicle. If 
the manufacture of pharmaceutical formulations involves intimate mixing of 
pharmaceutical excipients and the active ingredient in sail form, then it is often 
5 preferred to use excipients which are non-basic in nature, i.e. either acidic or neutral . 
Formulations for oral administration in the present invention may be presented as 
discrete units such as capsules, cachets ortablets each containing a predetermined 
amount of the active agent; as a powder or granules; as a solution or a suspension 
of the active agent in an aqueous liquid or a non-aqueous liquid; or as an oil-in-water 
10 liquid emulsion or a water in oil liquid emulsion and as a bolus etc. 

With regard to compositions for oral administration (e.g. tablets and capsules), the 
term suitable carrier includes vehicles such as common excipients e.g. binding 
agents, for example syrup, acacia, gelatin, sorbitol, tragacanth. polyvinylpyrrolidone 

15 (Povidone), methylcellulose, ethylcellulose, sodium carboxymethyJcellulose, 

hydroxypropylmethylcellulose, sucrose and starch; fillers and carriers, for example 
corn starch, gelatin, lactose, sucrose, mlcrocrystalline cellulose, kaolin, mannitoi, 
dlcalcium phosphate, sodium chloride and alginic acid; and lubricants such as 
magnesium stearate, sodium stearate and other metallic stearates, stearic acid, 

20 glycerol stearate, silicone fluid, talc waxes, oils and. colloidal silica. Flavouring agents 
such as peppermint, oil of wintergreen, cherry flavouring or the like can also be used. 

It may be desirable to add a colouring agent to make the dosage form readily 
identifiable. Tablets may also be coated by methods well known in the art. 



A tablet may be made by compression or moulding, optionally with one or more 
accessory ingredients. Compressed tablets may be prepared by compressing in a 
suitable machine the active agent In a free flowing form such as a powder or 
granules, optionally mixed with a binder, lubricant, Inert diluent, preservative, 
surface-active or dispersing agent. Moulded tablets may be made by moulding In a 
suitable machine a mixture of the powdered compound moistened with an inert liquid 
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diluent. The tablets may be optionally be coated or scored and may be formulated so 
as to provide slow or controlled release of the active agent 

Other formulations suitable for oral administration include lozenges comprising the 
5 active agent in a flavoured base, usually sucrose and acacia or tragacanth; pastilles, 
comprising the active agent in an Inert base such as gelatin and glycerin, or sucrose 
and acacia; and mouthwashes comprising the active agent in a suitable liquid carrier. 

The compounds of formula I or VI can form salts which form an additional aspect of 
10 the invention. Appropriate pharmaceutically acceptable salts of the compounds of 
formula I include salts of organic acids, especially carboxylic acids, including but not 
limited to acetate, trifluoroacetate, lactate, gluconate, citrate, tartrate, maleate, 
malate, pantothenate, isethlonate, adlpate, alginate, aspartate, benzoate, butyrate, 
digluconate, cyclopentanate, glucoheptanate, glycerophosphate, oxalate, 
15 heptanoate, hexanoate, fumarate, nicotinate, palmoate, pectinate, 3- 

phenylpropionate, picrate, pivalate, proprionate, tartrate, lactobionate, pivolate, 
camphorate, undecanoate and succinate, organic sulphonlc acids such as 
methanesulphonate. ethanesuiphonate, 2-hydroxyethane sulphonate, 
camphorsulphonate, 2-napthalenesulphonate, benzenesulphonate, 
20 p-chlorobenzenesulphonate and p-toluenesulphonate; and inorganic acids such as 
hydrochloride, hydnobromide, hydroiodide, sulphate, bisulphate, hemisulphate, 
thiocyanate, persulphate, phosphoric and sulphonlc acids. 

Prodrugs of the compounds of formula I are those compounds which following 
. 25 administration to a patient release a compound of the formula I In vivo generally 

following hydrolysis in the gut. liver or plasma. Typical prodrugs are pharmaceutically 
acceptable ethers and especially esters (including phosphate esters) of hydroxy 
functions, pharmaceutically acceptable amides or carbamates of amine functions or 
pharmaceutically acceptable esters of oarboxy functions. PreferredPharmaceutically 
acceptable esters include alkyl esters, including acetyl, ethanoyl, butyryl, t-butyryl, 
stearyl and plvaloyl, phosphate esters and sufphonic esters (ie those derived from 
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RS0 2 OH. where R is lower alkyl or aryl). Pharmaceutical^ acceptable esters Include 
lower alkyl ethers and the ethers disclosed In WO00/47561, especially 
methoxyamlnoacyl and ethoxyaniinoaoyl. 

5 The compounds of the Invention have various steric centres and the Invention 
extends to racemates and enantiomers at each of these steric centres. 

Typically, the stereochemistry of the groups corresponding to the P3 and P4 side 
chains (le R 1S and/or R 11 ) will correspond to an L-amino acid configuration, although 
1 0 the Invention also extends to D-isomers at one or both of these centres. 

The stereochemistry of the backbone component of the cyclic P2 group (i.e. 
spanning the carbonyl of the P1 amide bond and the carbonyl or E extending of P3 
will typically correspond to L-proline. The stereochemistry of the P2 ring atom to 
1 5 which W Is bonded is typically as shown: 



In compounds of the Invention wherein R7 and R7 1 together define a spiroalkyl 
group, such a spiro-cycjoalkyl will typically comprise an R r ' a substituent on the spii 
20 cyclopropyl ring which is is orientated syn to A: 



w 



W— R8 





or 




R7'a 



and 




or anti to A: 
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R7'a 



X 



or 



7'a 
A 



and 



1- 



R7'a 

V 



Conveniently, the spiro carbon of such a spiro-cyciopropyl ring has the R 
configuration: 



R7'a 



y-J Ror! 



10 



Conveniently an R 7 * subetltuent on a spiro-cycfopropyl ring adjacent to A is in a syn 
orientation in the following absolute configuration: 

R7«a 



Particularly preferred variants have R 7 * include ethyl, hence the asymmetric carbon 
atoms at position 1 and 2 have the R, R configuration. 

15 Alternative preferred R 7 ' a include vinyl, hence the asymmetric carbon atoms at 
:V position 1 and 2 have the R, S configuration. 

* 
• 

[: Where the compound of the invention is a macrocycle comprising a J group, J Is 
: : preferably a dlastereomer represented by partial structures (i) or (ii): 



30-JAN-04 FRI 15:56 HEDIVIR * . FAX NO. 01223 847894 P, J 

01223 847894 



Ml 83 65 



' "-••i-ni- 3 ( 



J 



H 



J syn to the amide (i) j syn to A (B) 



especially where J is syn to A. 
5 PAtaJje^dessrJpHo n of the emhnriimon^ 



Various embodiments of the invention will now be described by way of illustration 
only with reference to the following non-limiting examples. 



10 Exa.mpJeJ. 

7-Methoxy-2-phenyl-quinolin-4-o! (1 ). 

To a stirred round bottled flask with toluene (100 mL) ethyl benzoyi acetate <1* 7 g 
15 97 mmol) and m-anisidine (12 g, 97 mmol) was added. 4 M HCI in dioxane (0 5 mL) 
was added and the reaction mixture was refluxed for 6 h (140 °C). The mixture was 
co-evaporated with toluene. To the crude mixture diphenyl ether (50 mL) was added 
and the mixture was heated to 280 'C for 2 h. When the theoretical amount ethanot 
(6 mL) was collected in a Dean Stark trap the heating was stopped and the mixture 
was cooled to rt. The crude mixture was dissolved in CH 2 CI 2 (100 mL) and stirred for 
30 mln. The formed precipitate was filtered off and dried which gave 1 (4. 1 2 g, 1 6 4 
; : : mmol, 17 %): pale yellow powder. 

♦ 

m 

:J: ( H (300 MHz, DMSO-Ds): 8 3.8 (s. 3H), 6.24 ( S , 1H). 6.88-6.96 (dd. 1H, J- 9.07 Hz, 
=.: : 25 ., = 2.47 Hz), 7.19 (d, 1H, ^2.19 Hz). 7.56 (.. 3H. ./ = 2.19 Hz). 7.8 (dd. 2H. J* 7 14 
: Hz ./ = 2.19 Hz). 8.0 (d. 1H. ./= 9.06 Hz); "C (75.6 MHz. DMSO-D e ): S 55.3, 99.6. 

106.9, 113.1. 119.1. 126.4. 127.5, 128.8, 130.2. 134.1, 142.2. 149.4. 161.8 176 4 
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(RaoM-oxocyclopenW-ene-l , 2-dicarboxylic acid dimethyl ester (2). 

s ind c^rr'r 01 " 6 " 1, 2 - dicarb °^ c ac, « *"■»■* -* (4 . 8 g , 23 .8 ™oo 

wat f» 1 1 9 ' mm0,> ^ dlSSOlved ln df y THF < 70 mL) and the mixture 
was refiuxed for two hours at 90 The formed CuBr was filtrated off and the 
cyanic phase was concentrated. CaC0 3 (2.7 g, 27.2 mmoi) and DMF <70 mL) were 
added and the mixture was held at 1 00 - C for one hour. The dark brown mixture was 
poured over ice (36 g) and the formed precipitate was filtrated off. The aqueous iayer 
was extracted with ethyl acetate (1 x 300mL + 3 x 150 mL). The organic phases 
were dned, filtrated and concentrated. Purification by flash chromatography 
(toiuene/EtOAc 9:1) gave 2 (2.1 g, 45 %) as yeilow crystals 

Exarnp le_3 



10 



. 15 




«1S.4K) * (l^^y^xy^p^^^^ ^ d|methy) es(ar 



(3). 



20 L H « T ( ' 3 ° 0(5)0,2 (3 - 1S 9 ' 161 mm0, > *> MeOH (23 mL>. 

3D NaBH 4 (o.66 a . 1 7.5 mmoi) was added. After nine minutes the excess NaBH was 

r r ns brtne <so mL> - 71,6 mwure - 

ethyl acetate (4 * 80 rnL). The ot^c phases were dried, ffltrated and concentrated 
and gave 3 (3.0 g. 92 %) as e yellow oil. concentrated 

(1S.4K) & (1«,4 S M-hydroxy-c y c,opent. 2 ^ne.1, 2 -d,oarboxy l ,o acid a-.efty, ester 
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To an ice-cold solution of 3 (3.4 g, 22 mmol) dissolved In dloxane and water (1:1, 
1 10ml), LIOH (0.52 g, 22 mmol) was added. After two and a half hours the mixture 
was co-evaporated with toluene and methanol. Purification by flash chromatography 
5 (toluene/Ethyl acetate 3:1 * 1 % HOAc) gave the title compound (1 .0 g, 27 %) as 
yellow-white crystals. 

i 

1 H-NMR (300 MHz, CD 3 OD): 5 1.78-1.89 (m, 1H), 2.70-2.84 (m, 1H), 3.56-3,71 (m, 
1H), 3.76 (s, 3H), 4.81-4.90 (m, 1H). 6,76-6.81 (m, 1H); 13 C-NMR (75.5 MHz, 
10 CDCI3): 6 38.0, 48.0, 52.4, 75.7, 137.0, 146.2, 165.0 178.4. 

£XajT>pJe_5 



OH 



o 

((3S,6R) & (3R,5S))-5-((S)-1-tert-ButoxycarbonyNbutylcarbamoyl)-3-hydroxy- 
15 cyclopent-1-enecarboxylic acid methyl (5). 

To an ice cooled solution of 4 (0.20 g, 1,1 mmol) and 2-amlno-pentanolc acid 
tertbutyl ester (0.24 g, 1.4 mmol) in DMF (7 mL), DIPEA (0.16 g, 1.4 mmol) and 
HATU (0.53 g, 1 .4 mmol) were added. After two hours the solution was concentrated 
20 and purified using column chromatography (toluene/ethyl acetate 3:1). This gave the 
title compound as a yellow oil (0.22 g, 63 %). 

1 H-NMR (300 MHz, CDCb): 6 0.84-0.96 (m, 3H), 1 .14-1 .39 (m, 2H), [(1 .44 & 1 .49) s, 
9H], 1.60-1.60 (m, 1H), 1.61-1.85 (m, 1H), 1.97-2.10 (m, 1H), 2.11-2.28 (m, 1H), 
25 3.57-3.68 (m, 1H), [(3.73 & 3.76) s, 3HJ, 4.30-4.50 (m, 1H), 4.63-4.73 (m, 1H). 6.80- 
6.95 (m, 1H), 6.95-7.00 (m. 1H). 



Example 6 



30-JAN-04 FRI 15:57 MEOIVIR • A FAX NO. 01223 847894 

01223 847894 



JO 



20 



Ml 83 58 
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«3S,5K) & (3*5S))-5-((S)-1-te*Buto^^ 
cyclopent-1-enecarboxylic acid methyl ester (6). 

Reaction of 4 (141 mg, 76 mmol) according to the method described for the 
preparation of 5 using L-2-amlno-N-butyric acid tertbutyl ester instead of 2-amfno- 
pentanoic acid tertbutyl ester gave the title compound as a slightly yellow oil (171 
mg, 69 %). 

'H-NMR (300 MHz, CDCI,): 6 0.89-0.98 (m. 3H), ((1 .42 8. 1 .44) s, 9H], 1 .60-1 .78 (m 
1H), 1.79-1.9S (m, 1H), 1.99-2.11 ( m , 1H ). 2.18-2.30 (m, 1H), 3.58-3.88 (m, 1H) ' 

e'^'m) 3 4 22 " 4 - 39(m ' 1H> ' 4 B1 - 4 ' 66 (m ' 1H >' 6 - 77 - 6 - 90 <-". 1H). 6.91- 
15 Exa m ple* 7 




((3S.5R) & (3R5S))-5«1K,2S^ 

3-hydroxy-cyclopent-l-enecarboxylic acid methyl ester (7), 

Reaction of 4 (50 mg, 37 mmol) according to the method described for the 

preparation of 5 using (1R, 2SM.amino-2-vin y l-cy c | op ropane carboxyllc acid 

/ertbuty, ester instead of 2-amino-pentanoic acid fa* .butyl ester prcvided the title 

compound as a slightly yellow oil (50 mg, 38 %). 
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'H-NMR (300 MHz, CDCfe): 5 [(1.38 & 1.42) s, 9H], 1.75-1.83 (m, 1H), 2.00-2.21 (m, 
3H), 3.55-3.63 (m, 1H), [(3.77 & 3.82) s. 3H], 4.20-4.38 (m, 1H), 4.65-4.B0 (m, 1H), 
5.13-5.20 (m, 1H), 5.22-5.38 (m, 1H), 5.60-5.82 (m, 1H), 6.95-6.96 (m, 2H). 

5 Example 8 




{(3R, 5R) & (3S,5S))-5-((S)-1 -tert-Butoxycarbonyl-butyJcart»amoyI)-3-(7^6tho>cy-2- 
phenyl-quinolJn~4-yloxy)-cyclopent-1-enecarboxylic acid methyl ester (8). 

10 To an ice cooled solution of 5 (0.23 g, 0,67 mmol) in dry THF, 7-methoxy-2-phenyl- 
quinoHn-4-ol (0.22 g, 0.88 mmol) and tripbenylphosphine (0.23 g, 0.88 mmol) were 
added. Then DIAD (0.19 g, 0,92 mmol) was dissolved in THF (2 mL) and added 
dropwise to the solution. After one hour the mixture was concentrated and purified 
using flash chromatography (toluene/ethyl acetate 3:1). This gave the title compound 

15 as a white powder (0.30 g, 77 %). 

1 H-NMR (300 MHz, CDCI 3 ): 5 0,88-1 .00 (m, 3H), 1.18-1.43 (m, 2H), [(1.45 & 1.50) s, 
9H], 1 .53-1.65 (m, 1H), 1.66-1.85 (m. 1H), 2.29-2.43 (m, 1H), 3.10-3.25 (m, 1 H), 
[(3.79 & 3.83) s. 3H], 3.97 (s, 3H), 4.05-4.20 (m, 1H), 4.38-4.50 (m, 1H), 6.03-6.13 
: 20 (m, 1H), 6.65-6.90 (m, 1H), 7.04-7.18 (m, 3H), 7.40-7.56 (m, 4H), 8.00-8.12 (m, 3H). 



Example 9 
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((3ft,5R) & (3S,5S))~5-((S)-1 -ferf-Butoxycarbonyli3ropylcarbamoyl)r3-(7-methoxy-2- 
phenyl-qulnolin-4-yloxy)-cyclopent-1-enecarboxyllc acid methyl ester (9). 



5 Reaction of 6 (1 32 mg, 40 mmol) according to the method described for the 
preparation of 8 gave the title compound as a yellow oil (137 mg, 61 %). 

1 H-NMR (300 MHz, CDCI 3 ): 6 0.83-0.98 (m, 3H), [(1.42 & 1.44) s, 9H], 1.65-1.78 (m, 
1H), 1.80-1.97 (m, 1H), 2.30-2.40 (m, 1H), 3.05-3.20 (m, 1H), [(3.78 & 3.80) s, 3HJ, 
10 3.94 (s, 3H), 3.95-4.01 (m, 1H), 4.38-4.44 (s, 1H), 6.05-6.15 (m, 1H), 6.80-6.94 (m, 
1H). 7.02-7.15 (m, 3H), 7.38-7.55 (m, 4H), 7.97-8.18 (m, 3H). 



Exa mple 10 

/ 
Q 




*-" 15 ((3R.5/?) & (3S,5S))-5-((1/? f 2S)-1-ferf-ButoxycarbonyI-2-vinyl-cydopropylcarbamoyl)- 
. : . 3-(7-methoxy-2-phenyl-quinofin-4-yloxy)-cyclopent-1 -enecarboxylic acid methyl ester 
:.. (10), 



Reaction of 7 (41 mg, 116 mmol) according to the method described for the 
preparation of 8 provided the title compound as a yellow oil. 
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1 H-NMR (300 MHz, CDCfe): 5 1.52-1.57 (m, 1H), 1.58 (m, 9H), 1.80-1.83 (m, 1H), 
2.00-2.17 (m, 1H), 2.20-2.38 (m. 1H), 3.20-3.37 (m, 1H), 3.80 (s, 3H), 3.81-3-3.98 
(m, 1H). 3.99 (s, 3H), 5.12-5.20 (m, 1H), 5.22-5.40 (m, 1H), 5.63-5.80 (m, 1H), 6.05- 
6-20 (m, 1H), 7.00-7.21 (m, 4H), 7.40-7.58 (m. 4H), 8.02-8:18 (m, 3H). 

5 . 

" Example 1 1 



O 




((3R.5R) & (3S,5S))-5-((S)-1 -tert-Butoxycarbonyl-butylcarbamoyl)-3-(7-methoxy-2- 
phenyl-quinolirv4-yloxy)-cyclopent-1-enecarboxyllc acid (11). 

The methyl ester 8 (0.35 g, 0.61 mmol) was dissolved in dioxane/water (1:1 , 7ml) 
and UOH (0.031 g, 1,3 mmol) was added. The reaction was stirred over night and 
then cp-concentrated. This gave the lithium salt of 1 1 (0.32 g, 90 %) as a brown 
powder. . .. 

Example 12 




o 



((3R,5R)&(3S,5S))-5-((S)-1-tert-Butoxycarbonyl-propylcarbamoyl)-3-(7-methoxy-2- 
phenyl-quinolin-4-yloxy)-cyclopent-1-enecarboxylic acid (12) 



10 



15 
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Reaction of 9 (225 mg, 40 mmol) according to the method described for the 
preparation of 1 1 provided the title compound as a yellow salt (157 mg, 72 %). 

Example 13 

4 




5 O 

((3R.5R) & (3S,5S))-5-((1 K,2S)-1 -fe/t-Butoxycarbonyl-2-vlnyl-cyclopropylcarbamoyl>" 
3-(7-methoxy-2-phenyi-quinolin-4-yIoxy)-cyclopent-1-enecarboxylic acid (13), 

Reaction of 10 (35 mg, 59 mmol) according to the method described for the 
) 0 preparation of 1 1 (33 mg. 97 %) provided the title compound as a yellow salt. 

Example 14 




<S)-2-fl((1S,4S) & (1f?,4^))-2-{(S)-1-[((S)-Cyclohexyl-methoxycarbonyl-methyl)- 
* : 1 5 carbamoyl]-2-methyl-propylcarbamoyl}-4-(7-methoxy-2-phenyl-quinolin-4-yloxy)- 
cyclopent-2-enecarbonyl]-amIno}-butyric acid fert-butyl ester (14). 



FAX NO. 01223 847894 

Ink. t. Rsfert- och rennet 
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The acid 12 (38.4 mg, 0.070 mmol) and (2-amino-3-methyl-butyrylamIno)-cyclohexyl 
acetic acid methyl ester (26.6 mg, 0.098 mmol) were dissolved In DMF (1 .5 ml_) and 



30-JAN-04 FRI 16:06 MEDIVIR * FAX NO. 01223 847894 

01223 847894 

lnk.t. F. ; Yni- oeli reperket 
-G1- 3 0 

Ml 83 63 i; ,». *; -..■» K-.B£an 

cooled in an Ice-bath. DIPEA (17.1 ^iL, 0.098 mmol) and HATU (37.4 mg, 0.098 
mmol) were added. After ninety minutes the mixture was co-concentrated with 
toluene and methanol and then purified by flash column chromatography 
(toluene/ethyl acetate 6:1 ). Further purification was performed on HPLC (90 % 
5 MeOH + 0.2 % TEA). The diastereomeric mixture 14 was concentrated and gave a 
slightly yellow oil (20.6 mg, 37 %). After lyophlllsatlon 14 was collected as a white 
powder. 



'H-NMR (300 MHz, CDCl 3 ): 5 0.93-1.02 (m, 9H), 1.03-1.25 (m, 4H), 1.44 (S, 9H), 
10 1.65-1.86 (m, 9H), 2,05-2.10 (m, 1H), 2.22-2.40 (m, 1H), 3.05-3.20 (m, 1H), 3.77 (s, 

3H), 3.98 (s, 3H), 4.18-4.22 (m, 1H), 4.38-4.60 (m, 3H), 6.01-6.10 (m, 1H), 6.61-6.70 

(m, 2H), 6.80-6.85 (m, 1H), 7.05-7.18 (m, 2H), 7.40-7.58 (m, 5H), 8.00-8,13 (m. 3H). 

13 C-NMR (75.5 MHz, CDCI 3 ): 5 9.7, 18.4, 19.2, [25.9 & 26.1], [28.2 & 28.5], 29.6, 

32.0, 37.3, 41.0. 46.2, 50.7, 52.4, 54.4, 55.8, 57.2, 58.5, 82.0, 82.8, 98.4, 110.2, 
15 118.4, 120.1, 123.2, 127.9, 128.2, 128.9, 129.5, 131.2, 135,1. 135.2, 142.7, 144.2, 

161.6, 164.3, 164.7, 170.9, 171.4, 172.4. MALDI-TOF m/z 821 56 [(M +Narcalcdfor 

C^HsB^NarV 821.41]. 

Example 15 



: 20 




{SYZ-iWRAR ) & (1S,4S))-2-{(R)-1-[((/?)-Cyclohexyl-methoxycarbonyi-methyl)- 
carbamoyl3-2-methyl-propyIcarbamoyl}-4-(7-methoxy-2-phenyl-quinoIin-4-yloxy)- 
cyclopent-2-enecarbonylJ-amino}-butyricacid te/f-butyl ester (15). 
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Reaction of 12 (20 mg, 37 mmol) according to the method described for the 
preparation of 14 using (2-amino-3-methyl-butyrylamlno)-(R)-cyclohexyl acetic acid 
methyl ester instead of (2-amlno-3-methyI-butyryiamino)-(S)-cyclohexyi acetic acid 
5 methyl ester, gave the title compound (1 9 mg, 66 %) as a white powder. 

1 H-NMR (300 MHz, CDCI 3 ): 6 0.91-0.98 (m, 3H>, 0.99-1.10 (m, 6H), 1.11-1.38 (m, 
4H), [(1.43 & 1.45) s, 9H], 1-45-1 .94 (m, 9H), 2.05-2.18 (m, 1H), 2.22-2.40 (m, 1H), 
3.16-3.24 (m, 1H), 3.77 (s, 3H). 3.98 (s, 3H), 4.04-4.18 (m, 1H), 4.36-4.57 (m, 3H), 

10 6.00-6.08 (m, 1H), 6.13-6^21 (m, 1H), 6.62-6.70 (m, 1H), 6.81-6.85 (m, 1H), 7.05- 
7.18 (m, 3H), 7.41-7.57 (m, 4H). 8.02-8.13 (m, 3H). 13 C-NMR (75.5 MHz, CDCI 3 ): 5 
9.3, 18.2, 19.0, [25.5 & 25.9], [28.0 & 28.3], 29.4, 31.4, 32.1, 35.7, 40.7, 50.4, 52.2, 
54.2, 55.5, 57.0, 58,2, 81.8, 82.4, 98.2, 107.5, 115.0, 118.1, 122.9, 127.6, 128.7, 
128.8, 128.9. 129.2, 135.1, 140.4, 142.2, 151.4, 161.3, 163.9, 170.4, 170.9, 171.2, 

15 172.0. MALDI-TOFro/z821,60[(M +Na)* calcd for C 45 H 58 N 4 NaO«r 821.41]. 

Example 1 6 




(S)-2^[((3R,5R)&(3S,5S))-5-((S)-1-ferf-Butoxycarbonyl-propylcarbamoyl)-3-(7- 
. 20 methoxy-2-phenyl-qulnolin-4-yloxy)-cyclopent-1-enecarbonyrj-amino}-3-methyl- 
butyric acid methyl ester (1 6). 



Reaction of 12 (24 mg. 44 mmol) according to the method described for the 
preparation of 14 using D-valine methyl ester instead of (2-amino-3-methyl- 
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butyrylamino)cycIohexyl acetic acid methyl ester, gave the title compound (27 mg, 97 
%) as a white powder. 

1 H-NMR (300 MHz, CDCl 3 ): 5 0.82-0.99 (m. 9H), [(1 .42 & 1 .44) s, 9H] 1 .65-1.95 (m, 
5 2H), 2.18-2.25 (m, 1H), 2.26-2.40 (m, 1H). 3.20-3.25 (m. 1H), 3.75 (s, 3H), 3.97 (s. 
3H), 4.15-4.19 (m, 1H), 4.36-4.43 (m, 1H), 4.64-4.76 (m. 1H) r 6.03-6.15 (m, 1H). 
6.80-6.85 (m, 2H), 7.10-7.20 (m, 3H), 7.42-7.58 (m. 4H), 8.0-8.10 (m, 3H). "C-NMR 
(75.5 MHz, CDClg): 6 9.7, [18.2 & 19.1], 25.7, [28.1 8,28.2], 32.0, 35.6, 50.4, 52.4, 
54.5, 55.7, 57,6, 81.7, 82.7, 98.4, 107.7. 115.2, 118.4, 123.2, 127.8, 129.0, 129.2, 
10 129.5, 134.8, 135.0, 140.4, 142.5, 151.6, 159.6, [161.1 & 181.5], 164.6, 171.1, 
172.2. MALDl-TOF m/z 682.51[(M +Na) + calcd for C^^NaOfT 682.31]. 

Example 17 




(S)-2-{[((1/?,4/?)&(iS,4S))-2-{(SM-[(2,5-Dimethoxy-phenyl)-ethyl-carbamoyl]-2- 
m©thyl-propy!carbamoyl}-4-(7-methoxy^ 

enecarbonyl]-amlno}-butyric acid ferf-butyl ester (1 7). 

Compound 17 (28.6 mg, 59 %) was prepared from 12 (33 mg, 60 mmol) according to 
the method for the preparation of 14 using 2-amlno-N-(2,5-dimethoxy-phenyl)-N- 
ethyl-3-methyl butyramide instead of (2-amino-3-methyl-butyrylamino)-cyclohexyl 
acetic acid methyl ester. This gave the title compound as a white powder. 

1 H-NMR (300 MHz, CDCi 3 >: 5 0.75-0.95 (m, 9H) 1.05-1.18 (m, 3H), [(1.42 & 1.44) s. 
9HJ.1 .60-1,95 (m, 3H), 2.20-2.40 (m, 1H), 3.20-3.34 (m, 1H), 3.60-3.80 (m, 2H), 
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13.62-3.65 (m, 3H)]. [3.79-3.82 (m, 3H)], 3.98 (s, 3H), 4.02-4-1 8 (m, 1 H). 4.30-4.44 
(m, 2H), 6.05-6.18 (m, 1H), 6.60-6.63 (rn, 1H), 6.77-6.80 (m, 2H), 6.85-6.93 (m, 2H), 
7.1 2-7.20 (m, 2H), 7.35-7.60 (m, 5H), 8.02-8.20 (m, 3H). 13 C-NMR (75.5 MHz, 
CDCb): 6 19.6 & 9.7]. [12.5 & 12.8 ], [17.1 & 17.5J, [19.4 & 19.5]. 25.6. [28.0 & 28.1], 
5 32.4, 35.8, 43.0, 44.3, [50.2 & 50.3], 54.3, [54.8 & 55.0 & 55.2 & 55.5], [55.6 & 55.7 
& 55.9 & 56.0J, 81.7, 82.8, 98.4, 106.9, [112.4 & 112.5],113.7, 115.0. 116.2, 115.9, 
118.3, 118.4. [123.0 & 123.1], [127.7 & 127.8 ], 128.8, 128.9, 129.5, 130.1, [134.1 & 
134.2], 142.6, 149.1, 149.4, 153.4, 158.9,[181.4 & 161.6], [163.2 & 163.5], 170.9, 
[1 71 .3 & 1 71 .5], 172.3. MALDI-TOF m/z 831 .62 [(M +Na)* calcd for C46Hs6N4Na0 9 + 
10 831.39]. 

Ex ample 18 




(S)-2-{[((1 R t 4R) &(1 S,4S))-2^(SVl-[((S)-Cydohexy1-methoxycarbonyl-methyl)- 
15 carbamoyl]-2,2-dimethyl-propyl^ 

cyclopent-2-enecarbonyi]-amfno}-butyric acid fert-butyl ester (18). 

Compound 18 (16.1 mg, 26 %) was prepared from 12 (43.2 mg, 0.077 mmol) 
according to the method for the preparation of 14 using (2-amino-3,3-dimethyl- 
20 butyrylamino)-cycIohexy(-acetic acid methyl ester instead of (2-amIno-3-methyl- 
butyrylamino)-cyclohexyl acetic acid methyl ester. Flash column chromatography 
was performed in toluene/ethyl acetate 3:1 Instead of 6:1: This gave the title 
compound as a white powder. 
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"•H-NMR (300 MHz, CDCI 3 ): 5 0.77-0.83 (m, 3H), [(0.92 & 0.93) s, 9H] 0.94-1.20 (m, 
4 H), [(1.36 & 1.38) s, 9H], 1.42-1.76 (m, 8H), 2.20-2.38 (m, 1H), 2.81-2.98 (m, 1H), 
3.20-3.22 (m, 1H). 2.78 (s, 3H). [(3.83 & 3.85) s, 3H], 3.97-4.02 (m, 1H), 4.17-4.21 
(m. 1H). 4.22-4.37 (m, 2H), 6.85-5.97 (m, 1H), [6.76-6.78 (rr>, 0.5H)], [6.80-6.82 (m, 
0.5H)}, 6.98-7.05 (m. 3H), 7.23-7.41 (m, 6H), 7.82-7.99 (m, 3H). 13 C-NMR (75.5 
MHz, CDCI 3 ): 5 [9.4 & 9.5 ], [25.4 & 25.5], 25.8. [26.5 & 26.6], [27.9 & 28.0], [28.4 & 
28.5], 29.3, [35.4 & 35.7], [36.0 & 36.4], [40.5 & 40.7], [50.2 & 50.5], [52.1 & 
52.2],[54.1 & 54.3], 55.5, [57.0 & 57.3], [60.4 & 60.7], [81.8 & 82.0], [82.4 & 82.5] 
98.1, 107.5, 115.0. 118.1, 123.0, 127.5, 128.7, 128.8, 129.2. 134.9, 135.8, 141.9. 
142.5. 161.3, 159.4. [160.9 & 161.3 ], [163.7 & 163.9), [169.9 & 170.0] [170.0 & 
171.3], [172.5 & 172.4]. MALDI-TOF m/z 835.68 [(M +Na)*calcd for C4 6 H C oN 4 Na<V 
835.43]. 



Example 19 



15 



20 





( s )-2^(Tfl,4K)-2-{(S)-1-[((S)-^ 

methyKpropylcarbamoyJH-(7-methoxy-2-phenyl-quinolin-4-yloxy)-cyc^ 
enecarbonyl]-amino}-pentanolc add tert-butyl ester (19a) and 

(S)-2-{[(ls.4S)-2K(S)-1-[((S)-CycIohexyl-methoxycarbonyI-methyl)-carbamoyI]-2^ 

methyl-propylcarbamoyl}-4-(7-methoxy-2-phenyl-qulnol{n-4-yloxy)-cyclopent-2- 
enecarbonyl]-amino)-pentanolc acid tert-butyl ester (19b). 

The acid 1 1 (0.051 g, 0.087 mmol) and (2-amrno-3-methyl-butyrylamlno)-cyc)ohexyl- 
acetic acid methyl ester (0.054 g, 0.21 mmol) were dissolved in DMF (1.5 ml_) and 
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cooled in an ice-bath. DIPEA (16 mg, 0.12 mmol) and HATU (47 mg, 0.13 mmol) 
were added. After two and a half hours the mixture was co-concentrated with toluene 
and methanol and then purified by flash column chromatography (toluene/ethyl 
acetate 3:1). Further purification was performed on HPLC (90 % MeOH + 0.2 % 
5 TEA). This gave after co-concentration the two dlastereomers 1 9a (9,4 mg, 1 3 %) 
and 19b (6.3 mg, 7 %) as slightly yellow syrups. After lyophlllsation 19a and 19b 
were collected as white powders: 

1 H-NMR (300 MHz, CDCI3): 5 0.86-0.93 (m, 3H), 0.94-1.00 (m ( 6H), 1.00-1.41 (m, 
10 7H), 1.46 (s, 9H), 1.50-1.88 (m, 8H), 2.05-2,20 (m, 1H), 2.20-2.37 (m, 1H), 3.12-3.25 
(m, 1H), 3.73 (s, 3H), 3.97 (b, 3H), 4.05-4.20 (m, 1H), 4.40-4.55 (m, 3H), 6.02-6.18 
(m, 1H), 6.30 (d, J = 8.62 Hz, 1H), 6.63 (s, 1H), 6.76 (d, J = 6.51 Hz, 1H), 7.06-7.16 
(m. 2H), 7,42-7,56 (m, 6H), 8.00-8.12 (m, 3H); 13 C-NMR (75.5 MHz, CD 3 OD): 5 14.0, 
18.4, 19.3, 26.1, 28.3, 28.5, 29.7, 31.9, 34.9, 36.0, 41 .0, 60.7, 52.4, 53.3, 55.7. 57.2, 
15 58.6, 82.0, 82.7, 98.4, 105.7, 107.7, 115.2. 118.4, 123.2, 125.3, 127.9, 129.0, 129.1, 
135.1, 138.0, 142.4, 151.6, 159.4. 161.6, 164.3, 170.7, 171.2, 172.3. 19b: 1 H-NMR 
(300 MHz. CDCfe): 5 0.90-1 .04 (m, 9H), 1 .04-1 .43 (m, 7H), 1 .47 (s, 9H), 1 :50-1 .87 
(m, 8H), 2.10-2.27 (m, 1H), 2.33-2.45 (m, 1H), 3.10-3.20 (m, 1H), 3.73 (s. 3H), 3,96 
(s, 3H), 4.02-4.10 (m, 1H), 4.36-4.53 (m, 3H), 6.00-6.16 (m, 1H), 6.30 (d, J= 8.52 
20 Hz, 1H), 6.73 (s, 1H), 6.86 (d, J= 7.96 Hz, 1H), 7.08-7.16 (m, 2H), 7.36-7.56 (m, 

5H), 8.03-8.11 (m, 3H). 13 C-NMR (75.5 MHz, CD 3 OD): 6 14.0, 18.6, 19.2, 26.1, 28.2, 
28.7. 29.7. 34.5, 36.1, 36.6, 40.8, 50.5, 52.4. 53.4, 55.7, 57.3, 59.1, 64.8, 82.3. 98.4, 

105.8,107.8,116.3,118.4.123.2,127.8.129.0,129.4,135.2,142.2,144.9,151.0, 
151.6. 159.2, 164.3. 164.3, 170.2, 171.6, 171.9 

: 25 



FAX NO. 01223 847894 F 
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(S)-2-{[( 1 /?,4fO-2-{(/?)-1 -[((S)-Cyclohexyl-methoxycarbonyl-methyl)-carbamoy)]-2 > 2- 
dlmethyl-propylcarbamoyl)-4-(7-metho^ 
enecarbonylj-amino^pentanoic acid tert-butyl ester (20a) and 
(S)-2^[(1S,4S)-2^(/?)-l-[((S)-CycIohexyl-methoxycarbonyl-methyl)-carb 

dimethyl-propyl^rbamoylh^cr-methoxy^-phanyl-qulnolin^-yloxy^cyclopenW- 
enecarbonyl]-amlno}-pentanoic acid tert-butyl ester (20b), 

MsfcodA: The carboxylic acid 11 (57 mg, 0.10 mmol) was dissolved in warm (50 °C) 
dry THF (2 mL). (2-Amino-3,3-dfrnethyl-butyrylamino)-cyclohexyl-acetic acid methyl 
ester (50 mg, 0,1 2 mmol), DIPEA (30 mg, 0.23 mmol), DCC (25 mg. 0.12 mmol) and 
HOBt (1 7 mg, 13 mmol) were added. After two hours the mixture was concentrated 
and added to a short column (toluene/Ethyl acetate 1 :3 + 3 % AcOH). Then It was 
further purified on HPLC using 90 % MeOH + 0.2 % TEA. The dlastereomeric 
1 5 products were not separated. After HPLC the solution was co-concentrated with 
toluene and methanol to give 20 (28 mg, 34%). 

. : MethodB; To an Ice-cold solution of 1 1 (60 mg, 0. 1 0 mmol) and (2-amino-3,3- 
dlmethyl-butyrylamino)-cycfohexyl-acetic acid methyl ester (42 mg, 0.1 5 mmol) 

*: 20 DIPEA (19 mg, 0.15 mmol) and HATU (62 mg, 0.16 mmol) were added. After two 
and a half hours the mixture was concentrated and purified using column 
chromatography. (toluene/Ethyl acetate 3:1). The dlastereomeric mixture was 

: separated using HPLC (90 % MeOH + 0.2 % TEA). This gave 20a (6 mg, 6 %) and 

: 20b (9 mg, 10%). 
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20a: 1 H-NMR (300 MHz, CDCl 3 ): 5 0.82-0.90 (m t 3H), 1.01 (s, QH), 1.05-1.40 (m, 
7H), 1.46 (s, 9H), 1.60-1.80 (m, 8H), 2.20-2.35 (m, 1H), 3.07-3.26 (m. 1H), 3.73 (s, 
3H), 3.97 (s. 3H) f 4.11 (d, J = 7.96 Hz, 1H), 4.38-4.52 (m, 3H), 6.03-6.12 (m, 1H), 

5 6.24 (d, J= 8.79 Hz, 1H), 6.63 (s, 1H), 6.82 (d, J= 9.06 Hz, 1H), 7.07-7.27 (m, 2H), 
7.36 (d, J - 7.96 Hz, 1H), 7.41-7.55 (m, 4H), 8.01-8.10 (m, 3H); 13 C-NMR (75.5 MHz, 
CD 3 OD): 6 14.0, 18.8, 26.1, 26.8, 28.2, 28.6, 29.6, 34.9, 35.6, 36.2, 40.9, 50.7, 52.4, 
53.3, 55.7. 57.3. 60.8. 82.0, 82.7, 98.4. 105.2, 107.7, 115.2, 118.4, 123.2, 127.9, 
. 129.0, 129.4, 131.1, 135.1, 138.4, 142.4, 153.3, 159.6, 161.6. 164.2, 170.1, 171.3, 

JO 172.2. 20b: 'H-NMR (300 MHz, CDCI 3 ): 5 0.90-0.98 (m, 3H), 1.04 (s, 9H), 1.08-1.40 
(m, 7H), 1.44 (s, 9H), 1.65-1.90 (m, 8H), 2.20-2.38 (m, 1H), 3.10-3.22 (m, 1H), 3.73 
(s, 3H), 3.97 (s. 3H). 4.02-4.15 (m, 1H), 4.35^4.48 (m, 3H), 6.00-6.08 (m, 1H), 6.72 
(s, 1H), 6.90 (d, J » 9.06 Hz, 1H), 7.09-7.20 (m, 3H), 7.44-7.55 (m, 5H), 8.03-8.1 1 
(m, 3H). 

15 

Example 21 




(1R2S)-1 -{£((1 R,4R) & (1 S,4S))-2-{(S)-1-K(S)-Cyc!ohexyI-methoxycarbonyl-methyl)- 
carbamoyn-2,2-dimethyl-propylcarbamoyI}-4-(7-methoxy-2-phenyl-quinolin-4-yloxy)- 
20 cyc)opent-2-enecarb6nylJ-amlno}-2-vinyl-cydopropanecarboxylic acid /erf-butyl ester 
(2D- 



The acid 13 (35 mg, 0.060 mmol) and (2-amino-3,3-dlmelhyl-butyrylamino)- 
cyclohexyl-acetic acid methyl ester (22 mg, 0.080 mmol) were dissolved In dry THF 
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(1 .5 mL) and warmed to 50 °C. HOBt (1 1 mg, 0.080 mmol) and DCC (31 mg r 0.15 
mmol) were added. After one hour the mixture was co-concentrated with toluene and 
methanol and then purified by flash column chromatography (toluene/ethyl acetate 
1:1). Further purification was performed on HPLC (80 % MeOH + 0.2 % TEA. The 
5 diastereomeric mixture 21 was concentrated and gave a slightly yellow oil (26.4 mg, 
53 %). After lyophilisation 21 was collected as a white powder. 

1 H-NMR (300 MHz, CDCI 3 ): 6 ((0.96 & 1.00). s, 9HJ, 1.01-1.38 (m, 5H), [(1.39 & 1.40) 
s, 9H], 1.52-1.63 (m. 4H), 1.65-1.80 (m, 4H), 1.90-2.05 (m, 1H), 2.20-2.40 (m, 1H). 
1 0 3.02-3.20 (m, 1 H), [(3.66 & 3.67) s, 3H), 3.98 (s. 3H). 3.99-4.02 (m, 1 H), 4.30-4.45 
(m, 2H), 5.05-5.11 (m, 1H), 5.20-5.30 (m. 1H), 5.60-5.81 (m, 1H), 6.03-6.17 (m, 1H). 
6,77-6.82 (m, 1H), 6.95-7.22 (m, 5H), 7.40-7.50 (m, 4H), 8.01-8,10 (m, 3H). ,3 C- 
NMR (75,5 MHz, CDCI 3 ): 6 22.3, [25.7 & 25.8], [26.4 & 26.5], [28.0 & 28.4J 29.2, 
32.7, 33.3, (35.3 & 35.4], 36.0, [40.2 & 40.3], 40.7, 52.0, 55.4, [57.2 & 57.4] [60.4 & 
15 60.5], [87.6 & 87.7], [82.3 & 82.5J, 98.4, 107.0, 114.9, [1 17.4 & 1 17.5], 118.1, 122.9, 
127.6, 128.6,128.9, 129.2, [133.6 & 133.8], 135.9, 136.9, 140.1, (141.4 & 141.6], 
151.1, 159.6, [160.9 & 161.3], [164.2 & 164.6], 168.9, 170.3, [172.1 & 172:6]. 
MALDl-TOF m/z 859.77 [(M +Na) + calcd for C^HeoWaCV 859.43]. 

20 Ex_ajflpje22 




(S)-2-{[(lR,4/?h2-{(R)-l-[((S)-Cyctohexyl-memoxycarbonyl-methyl)-carbamoyl]^ 

dimethyl-propyicarbamoyl>-4-(7-methoxy-2-phenyl-quinolIn-4-yloxy)-cyclopent-2^ 
enecarbonyl]-amino)-pentanolc acid (22a) and 
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(S)-2-fl(1S,4S)-2-{(/?)-H((S)-Cyclohexyl-met^^ 
dimethyl-propylcarbamoyl}-4-(7-metho^ 
enecarbonyl]-amino}-pentanolc add (22b). 

5 The tert.butyl ester 20 (28 mg, 0.O34 mmol), TES (8.7 mg, 0.075 mmol), DCM (1 mL) 
ancf TFA (1 mL) were mixed in a round bottomed flask. Two hours later the mixture 
was concentrated and the diastereomers were separated on HPLC using 65 % 
MeOH + 0.2 % TEA as mobile phase. This gave 22a (15 mg. 65 %) and 22b (12 mg, 
45 %) as slightly yellow syrups. After lyophilisation the title compounds were 
10 collected as white powders. 

22a: [afD + 155.8;- 1 H-NMR (300 MHz, CD 3 OD): 5 0.90-0.97 (m, 3H), 1.03 (s, 9H), 
1.05-1.50 (m, 7H), 1.50-1.80 (m, 8H), 2.43-2.55 (m, 1H), 2.77-2.90 (m, 1H), 3.68 (s, 
3H), 3.96 (s. 3H), 4.20-4.30 (m, 2H), 4.31-4.40 (m, 1H), 4.45-4.50 (m, 1H), 6.03-6.1 1 
(m, 1H), 6.98 (s r 1H), 7.12-7.19 (m, 1H). 7.36 (s, 1H), 7.41 (d, J= 2.2 Hz. 1H). 7.50- 
7.60 (m, 3H). 8.03-8.10 (m, 3H): 13 C-NMR (75.5 MHz, CD 3 OD): 5 13.1. 19.1. 26.1. 
28.7. 28.9. 29.6, 34.3, 34.8, 35.9, 40.1, 60.8, 51.2, 54,8, 55.0, 57.9, 60.7, 83.5, 99.1, 

106.0. 115.2, 118.2, 123.3, 127.8, 128.0, 126.7, 128.8, 129.7. 135.2, 139.8, 143.7. 
150.6. 160.1. 162.2. 165.2, 171.7, 172.2. 173.4. 22b: [dffc -72,3; 1 H-NMR (300 

20 MHz. CD 3 OD): 5 0.90-0.97 (m, 3H), 1 .02 (s. 9H), 1 .07-1 .35 (m, 7H), 1 .53-1 .90 (m, 
8H), 2.46-2.61 (m. 1H), 2.76-2.88 (m, 1H). 3.69 (s, 3H). 3.96 (s, 3H), 4.15-4.35 (m, 
2H), 4.37-4.41 (m, 1H), 4.42-4.47 (m, 1H). 6.02-6.12 (m, 1H), 7.02 (s. 1H), 7.16 (dd, 
J - 2.47, 9.34 Hz, 1H), 7.32 (s, 1H), 7.40 (d.J* 2.47 Hz, 1H), 7.48-7.58 (m, 3H), 
8.03-8.12 (m, 3H); 13 C-NMR (75.5 MHz, CD 3 OD): 5 13.0. 18,8, 25.9, 26.0. 28.8. 
29.4. 34.2, 34.8, 36.3, 39.9, 43.8, 50.5. 51.1, 54.8. 57.9, 60.5, 82.8. 99.0. 106.0, 

115.1. 118.2. 123.1, 127.8, 127.9. 128.7, 129.0, 129.5. 136.7, 139.8, 142.8. 150.6. 
160.1, 162.0, 162.2, 164.7, 172.1, 173.5. 
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< s >- 2 HK1*,4K)-2-{(/^^^ 
memyl-p ro pylcarbamoyl}^7HT^ 

enecarbonylJ-amlno}-butyric acid (23a) and <S)-2-fl(1S,4S)-2-{<^ 
me ^ycarbonyl-methyl>^^^ 

phenyl-quino!in-^yloxy)-cyclopent-2-enecarbonyl]^amino}-butyric acid (23b). 

Compound 23a (6.6 mg, 50 %) and compound 23b (1.3 mg, 10 %) were prepared 
from 15 (14 mg, 0.018 mmol) according to the method for the preparation of 22a and 
22b. This gave the title compounds as white powders. 

23a: 1 H-NMR (300 MHz, CD 3 OD): 0.88-1.02 (m, 9H), 1 .02-1 .40 (m. 7H), 1 .55-1 97 
(m, 6H). 2.01-2.10 (m, 1H>, 2.38-2.52 (m, 1H), 2.88-3.00 (m, 1H). 3.77 (s. 3H), 3.98 
(s, 3H). 4,08-4.20 <m, 1H), 4.22-4.40 (m, 3H). 6.03-6.18 (m, 1H), 6.86-6.99 (m, 1H) 
7.08-7 20 (m, 1H). 7.23 (s, 1H), 7.40-7.43 (m, 1H). 7.45-7.70 (m. 3H). 8.02-8.20 (m' 
3H). C-NMR (75.5 MHz, CD 3 OD): 6 9,0, 17.6, 18.2, 24.5, 25.3, 28.1, 28.8, 30 9 
35.4, 39.4, 49.6, 51.1, 54.7. 57.2. 58.0. 82.4, 98.5, 105.5, 114.6, 117.7. 122 7 127 2 
127.3, 128.2, 129.0, 135.6, 136.4, 141.7, 149.9, 159.5, 161.2, 161.4. 164.0 171 0 
171.7, 172,4. 23b: 1 H-NMR (300 MHz, CD 3 OD): 6 0.9-1.20 (m. OH), 1.21-1,53 (m ' 
7H), 1.55-1.93 (m, 6H), 2.05-2.20 (m. 1H), 2.41-2.50 (m. 1H), 2.96-3-05 (m 1H) ' 
3.77 (s. 3H). 4.00 (s, 3H), 4.05-4.40 (m, 4H), 6.05-6.18 (m, 1H), 6.90-8.95 (m, 1H) 
7.05-7.22 (m, 2H), 7.50-7.65 (m, 4H). 8.01-8.16 (m, 3H). 



Example 24 
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(S)-2-{[((1 R,4R) & (1 5,4S))-2^(S)-1-[((S)^arboxy-cyclohexyl-methyl>-carbamoyl]-2-- 
methy!-propylMrbamoyl>^(7-methoxy-2-phenyl-qulno1?n-4-yloxy)-cyc)opent-2- 
enecarbonyl]-amino>-butyric acid (24). 

5 

The tert.butyl ester 14 (13.4 trig, 0.017 mmol), TES (4.83 mg, 0.042 mmol), DCM (2 
mL) and TFA (2 mL) were mixed in a round bottomed flask. One hour later the 
mixture was concentrated and purified by HPLC using 65 % MeOH + 0.2 % TEA as 
mobile phase. This gave 24 (4.3 mg, 34 %) as a slightly yellow syrup. After 
10 lyophilisation 24 was collected as a white powder. 

1 H-NMR (300 MHz, CD 3 OD): 5 0.91-0.99 (m, 9H), 1.00-1 .28 (m, 4H), 1 .55-1 .78 (m, 
9H), 1.92-1.95 (m, 1H), 2.00-2.05 (m, 1H), 2.93-3.01 (m, 1H), 3.75 (s, 3H), 3.97 (s, 
3H). 4.10-4.40 (m, 4H), 6.05-6.15(m, 1H), 6.88-6.94 (m. 1H), 7.05-7.10 (m, 2H), 

15 7.41-7.43 (m, 1H). 7.44-7.55 (m, 2H), 8.62-8.68 (m, 1H), 8.69-8.79 (m. 1H), 7.97- 
6.05 (m. 2H). 13 C-NMR (75.5 MHz, CD 3 OD): 5 9.2, 18.6, 25.5, [29.0 & 29.2], [30.0 & 
30.5), 35.3, 37.7, 39.7, 46.2, 50.0, [51.4 & 51.5], 53.6, 55.1, 57.1, 58.4, 83.1, 98.9, 
104.9. 114.6, 118.3, 123.0, 123.4, 127.5, 128.4, 128.5, 129.7, 135.0, 142,1, 145.7, 
146.2, 159.2, 161.9, 164.3, 171.5, 171.9, 172.2. MALDl-TOF m/z 791.27 [(M +K) + 

20 calcdforC 42 H48KN409*791.31]. 
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(S)-2-{[((3R,5K) & (3S,5S))-5-((S)-1 -Carboxy-propylcarbamoyl)-3-(7-methoxy-2- 
phenyl-qulnolin^-yloxy)^yclopent-1-enecarbonyl]-amino>-3-ni©thyl-butyric acid 
methyl ester (26). 

5 

Compound 25 (8.0 mg, 60 %) was prepared from 16 (13.8 mg, 0.022 mmol) 
according to the method for the preparation of 24 which gave the title compound as a 
white powder. 

10 1 H-NMR (300 MHz, CD3OD): 6 0.83-1 .02 (m, 9H), 1.68-1 .80 (m, 1 H), 1 .82-2.02 (m, 
1H), 2.10-2.22 (m, 1H), 2.40-2.60 (m, 1H), 2.81-2.95 (m, 1H), 3.76 (s, 3H), 4.00 (s, 
3H), 4.18-4.22 (m, 1H), 4.27-4.40 (m, 2H), 6.05-6.12 (m, 1H). 6.99-7.02 (m, 1 H), 
7.16-7.21 (m. 1H), 7.38 (s, 1H), 7.40-7.43 (m, 1H), 7.48-7.61 (m, 3H), 7.98-8.12 (m ? 
3H). 

15 

E xample 26 
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(S)-2-{[((1/?,4/ : ?)&(1S l 4S)>-2-{(S)-1-[(2,5-Dlm6thoxy-phenyl)-ethyl-carbamoy^2- 

methyl'propylcarbamoyl}^(7-methoxy-2-phenyl-quinolln-4-yloxy)-c5ycIopent-2- 
enecarbonyl]-amino}-putyric acid {26). 

Compound 26 (5.7 tng, 36 %) was prepared from 17 (16.7 mg, 0.021 mmol) 
according to the method for the preparation of 24 which gave the title compound as a 
white powder. 

1 H-NMR (300 MHz, CD 3 OD): 5 0.75-0.81 (m, 6H), 0.82-0.98 (m, 3H), 1.00-1.10 (m f 
3H), 1 .60-2.00 <m, 3H). 2.40-2.56 (m, 1 H). 2.80-2.88 (m, 1 H), 3.1 8-3.24 (m, 1 H), 
3.40-3.46 (m, 1H), [3.67-3.80 (m, 6H)], 3.07 (s, 3H), 4.10-4.20 (m, 1H>, 4.21-4.40 (m, 
2H), 6.02-6.17(m, 1H), 6.75-6.82 (m, 1H), 6.84-7.01 (m, 3H), 7.10-7.20 (m, 1H), 
7.30-7.37 (m, 1H), 7.40-7.43 (m, 1H), 7.50-7.60 (m, 3H). 8.00-8.17 (m, 3H). 13 C- 
NMR (75.6 MHz, CD3OD): 5 9.6, [11.8 & 12.0], [17.2 & 17.4], 18,9, 25.0, 32,3, 35.7, 
43.3, 44.2, [50.3 & 50.5], [54.5 & 54.8 & 54.9 & 55.0], [55.1 & 55.2 & 55.3 & 56.0] 
,58.7, 83.6, 99,3, 105.5, [112.5 & 112.7], 114.3, [15.1 & 115.2J, 116.7, 116.1, 118.4, 
[123.3 & 123.4], 125.2. [128.0 & 128.1, 128.8, 129.1, 129.8. [135.1 & 135.3], 139.2, 
[143.3 & 144.4], 149.2, [149.6 & 149.9], 153.8, 169.9, 162.4, [163.9 & 164.5], 172.1, 
172.8, [173.6 & 173.7]. MALDI-TOF mfz 775.30 [(M +Naf calcd for C 42 H4 8 N 4 Nao/ 
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(S)-2-<[((1 RAR) &(1 S.4S))-2-{(S)-l-[((S)-Cyclohexyl-methoxycarbonyl-methyI)- 
c«rbamoyQ-2,2-dlmethy!-propylcarbamoyl}-4-(7-methoxy'-2-phenyl-quinolin-4-yloxy)- 
cyclopent-2-enecarbonylJ-amtno}-butyric acid (27). 

S Compound 27 (6.0 mg, 72 %) was prepared from 18 (8.6 mg, 0.01 1 mmol) according 
to the method for the preparation of 24. Purification by HPLC (60 % methanol + 0.2 
% TEA) gave the title compound as a white powder. 

1 H-NMR (300 MHz, CD 3 OD); 6 0.88-0,95 (m, 3H), 0.96 (s, 9H), 0.97-1.24 (m, 4H), 
10 1.57-1.62 (m, 3H), 1.68-1.78 (m, 4H), 1.79-1.99 (m. 1H), 2.35-2.44 (m, 2H), 2.85- 
2.98 (m, 1H), [(3.67 & 3.69) s, 3HJ, 3,94 (s. 3H), 4.10-4.20 (m, 1H), 4.30-4.40 (m, 
3H) t 6.00-6.09 (m, 1H), [6.80-6.82 (m, 0.5H)] 16.85-6.87 (m. 0.5H)], 7.05-7.19 (m, 
2H), 7.38-7.55 (m, 4H), 7.95-8.07 (m, 3H). 13 C-NMR (75.5 MHz, CD 3 OD): 6 [9.1 & 
9.2], [24.7 & 24.9}, [25.4 & 25.5J. [25.9 & 26.0 J, [28.3 & 28.4], 28.9, [34.8 & 34.9], 
15 [35.6 & 35.9], [39.6 & 39.7], [49.9 & 50.1], [51.4 & 51.2], [63.9 & 64.0] 55.0, [57.2 & 
67.4], 60.0, [82.1 & 82.5], 98.6, 106.2, 114.7, 117:8, 1227. 127.5, 127.7, [128.4 & 
128.5], 129.1, 135.3, 136.3, 141.6, 142.0, 150.5, 169.8, [161.0 & 161.3] [164.0 & 
164.1], [171.6 & 171,9], [172.2 & 172.3], [173,0 & 173.2J.MALDI-TOF m/z 779.43 [(M 
+Na) + calcd for C4 2 H S 2N4Na0 9 * 779.36]. 

20 

Ex ample 28 
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(S)>2^[(1/?,4R)-2^(S)-1H[((S)-CydohBxyl-m©thoxycarbonyl-methyl)-cart5amoyl3-2- 
methyli5ropylcarbamoyl>-4^7-methoxy-2-phenyl-quinoHn-4-yloxy)-cycIoperit-2- 
enecarbohylj-amfnoj-pentariolc add tert-butyl ester (28). 

5 The tertbutyl ester 19a (7.8 mg, 0.0094 mmol) and TES (2.4 mg, 0.021 mmol) were 
dissolved in DCM (1 mL) and the mixture was cooled in an ice-bath. TFA (1 mL) was 
added. After two hours the mixture was concentrated and purified on HPLC using 60 
% MeOH + 0.2 % TEA as mobile phase. This gave 28 (6.1 mg, 86 %) as a slightly 
yellow syrup. After lyophillsatlon the title compound was collected as white powder. 

10 

1 H-NMR (300 MHz, CD 3 OD + CDCI3 (1:1)): 6 0.90-1.00 (m, 9H). 1.00-1.30 (m. 7H). 
1.50-1.90 (m, 8H), 2.00-2.10 (m, 1H), 2.40-2.50 (m, 1H). 2.85-2.98 (m, 1H). 3.65- 
3.72 (s, 3H), 3.99 (s, 3H), 4.15-4.22 (m, 1 H), 4.24-4.35 (m, 2H), 4.38-4.44 (m, 1H), 
6.10-6.20 (m, 1H). 6.95-6.96 (m. 1H), 7.16-7.23 (m, 1H), 7.31 (s, 1H), 7.42 (d, J = 
1 5 2.47 Hz, 1 H), 7.53-7.72 (m, 3H), 7.97-8.1 6 (m, 3H); 13 C-NMR (75.5 MHz, CD 3 OD + 
CDCI 3 1:1): 6 13.5, 18.3, 19.0, 26.0, 29.0, 29.7, 31.0. 34.1, 35.8, 40.2, 51 .9, 55.9, 
57.7. 58.9, 63.5, 68.4, 84.0, 99.6, 104.8, 105.7,1 15.1, 119.0. 123.7, 128.1, 128.9, 
129.1, 130.4, 131.3, 135.3, 138,0, 142.9. 169.5, 162.8, 164.8, 172.2. 172.2. 172.4 

20 Exa mple 29 



(S)-2-{I(1S,4S)-2-{(S)-1-[((S)-Cyclohexyl-methoxycarbonyl-methyl)-carbamoy)]-2- 
methyl-propylcarbamoyl}-4-(7-methoxy-2-phenyl-<|ulnolin-4-yloxy)-cyclopent-2- 
enecarbonyiJ-amlno}-pentanolc acid tert-butyl ester (29). 




25 
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Compound 29 (1.3 mg, 26 %) was prepared from 19b (5.3 mg, 0.065 mmol) 
according to the method for the preparation of 26. This gave the title compound as a 
white powder. 



* 5 'H-NMR (300 MHz, CD 3 OD): 6 0.85-1.00 (m, 9H), 1.00-1.23 (m, 7H), 1.50-1.78 (m, 
— 8H). 2.05-2.23 (m, 1 H), 2.50-2.66 (m, 1 H), 2.70-2.85 (m, 1 H), 3.69 (9, 3H), 3.92 (s, 

* 3H >« 4.02-4.16 (rh, 1H). 4.20-4.25 (m. 1H). 4.35-4.40 (m, 2H), 6.09 (m, 1H), 7.00 (s, 
1H). 7.12-7.18 (dd, J = 2.47, 2.19 Hz, 1H), 7.30 (s, 1H), 7.40 (d,V= 2.42 Hz, 1H) ( 
7.48-7.74 (m, 3H), 8.03-8.10 (m, 3H); 13 C-NMR (75.5 MHz, CDCI 3 ): 6 11.7, 16.5, 

10 17.0, 24.4, 27.2, 27.9, 29.0, 29.1 37.5, 41 .8, 49.7, 50.5, 53.3, 56.3, 63.5. 66.5, 81 .0, 
100.3. 101.0, 105.7, 113.6, 121.6, 126.3, 127.1, 127.9, 130.1, 131.4, 135.6, 138.7, 
141.1,150.4,160.2.160.5,165.3,173.0,173.6,173.7 



J£xarrjpleL30 




(1R,2S)-1-{[(l/?,4/?)-2-{(SM-{((S)-Cyclohexyl-methoxycarbonyl-methyl)-carbamoyl]- 
2.2-dimethyl-propylcarbamoylH-(7-methoxy-2-phenyt-quinolin-4-yloxy)-cyc!opent-2- 
enecarbonyJJ-amlno}-2-vinyl-cyclopropanecarboxyiic acid (30a) and 

1/?,2S)-l-{[(i5,4S)-2-{(S)-1-[((S)-Cydohexyl-methoxycarbony!-methyl)-oarbamoy!]- 

2,2-dimethyl-propylcarbamoyl}-4-(7-methoxy-2-phenyl-quinolin-4-yloxy)-cyclopent-2- 
enecarbonyl]-amlnoh2-vinyl-cyciopropane-carboxylic acid (30b). 
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Compound 30a (6.3 mg, 49 %) and compound 30b (5.6 mg, 43 %) were synthesized 
from 21 (13.8 mg, 0.0016 mmol) according to the method of the preparation of 22a 
and 22b. 30a and 30b: White powder. 

5 30a: 1 H-NMR (300 MHz, CD 3 OD): 5 1.02 (s, 9H), 1 .03-1 .43 (m, 6H), 1 .61-1 .95 (m, 
8H), 2.11-2.21 (m, 1H), 2.43-2.58 (m, 1H), 2.97-3.04 (m, 1H), 3,78 (s, 3H), 4.01 (s, 
3H), 4.02-4.17 (m, 1 H), 4.25-4.40 (m, 2H), 5.10-5-20 (m, 1H), 5.27-5.40 (m, 1 H), 

6.77- 6.94 (m, 1H), 6.10-6.20 (m, 1H), 6.97 (s, 1H), 7.18 (dd, J= 2.6, 9.2 Hz, 1H), 
7.22 (s, 1H), 7.46 (d, J* 2.5 Hz, 1H), 7.52-7.65 (m, 3H), 8.00-8.18 (m, 3H). 13 C-NMR 

1 0 (75.5 MHz, CD 3 OD): 5 13.5, 2S.3, 25.7, 28.3, 28.7, 29.0, 32.8. 34.6, 35-3, 39.3, 49.7, 
51.1, 54.6, 57.2, 59.8, 82.1, 98.4, 105.8, 114.5, 116.3, 117.6, 122.6, 127.2, 128.1, 
128.2, 128.8, 130.2, 133.7, 136.0, 139.5, 141.5, 150.3, 159.7, 161.0, 161.2, 163,4, 
1 71 .6, 1 72.5. M ALDI-TOF m/z 803.56 [(M +Naf calcd for C 4 4H5aN 4 NaCV 803.36]. 
30b: 1 H-NMR (300 MHz, CD 3 OD): 5 1.03 (s. 9H), 1.04-1.42 (m, 5H), 2.60-2.90 (m, 

15 8H), 2.17-2.22 (m, 1H), 2.40-2.55 (m. 1H), 2.96-3.10 (m, 1H), 3.77 (s, 3H), 4.01 (s, 
3H). 4.05-4.16 (m. 1H). 4.30-4.40 (m, 2H), 5.15-5.20 (m, 1H), 5.25-5.40 (m, 1H), 

5.78- 5.95 (m, 1H). 6.10-6.20 (m, 1H). 6.98 (s. 1H), 7.17 (dd, J - 2.5, 9.1 Hz, 1H), 
7.26 (s, 1H), 7.46 (d, J= 2.5 Hz, 1H), 7.50-7.65 (m, 3H), 8.03-8.28 (m, 3H). 13 C-NMR 
(75.5 MHz, CDaOD): 5 13.7, 26.0, 26.3, 28.8, 29.4, 29.6, 34.0, 35.2, 35.8, 40.1, 50.6, 

20 51.7, 55.3, 57.8, 60.6, 83.0, 99.1, 106.3, 115.2, 117.0, 1 18.3, 123.2, 127.9, 128.0, 
128.8, 129.6, 130.6, 134.4, 136.1, 140.0, 142.5, 150.8, 160.3, 161.8, 162.0, 165.7, 
172.3, 173.0 



Example 31 



o 

HOi" 

O 

/rans-(3R,4ft)-Bis(methoxycarbonyl)cyclopentanoI (31 ). 
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Sodium borohydride (1.11 g, 0.029 mol) was added to a stirred solution of (1R, 2S)- 
4-oxo-cyclopentane1.2-dicarboxylic acid dimethyl ester (4.88 g, 0.0244 mol) in 
methanol (300 mL) at 0 °C. After 1 h the reaction was quenched with 90 mL brine, 
concentrated and extracted with ethyl acetate. The organic phases were pooled, 
5 dried, filtered and concentrated. The crude product was purified by flash column 
chromatography (toluene/ethyl acetate 1:1) to give 31 (3.73 g, 76%) as a yellow oil. 

Example 32 




10 3-Oxo-2rOxa-bicyclo[2.2,1]heptane-5-carboxylic acid (32). 

Sodium hydroxide (1M, 74 mL, 0.074 mol) was added to a stirred solution of 31 (3.73 
g, 0.018 mol) in methanol (105 mL) at room temperature. After 4 h, the reaction 
mixture was neutralized with 3M HC|, evaporated and co-evaporated with toluene 
15 several times. Pyridine (76 mL) and Ac 2 0 (53 mL) were added and the reaction 
mixture was allowed to shake overnight at room temperature. The mixture was then 
co-evaporated with toluene and purified by flash column chromatography (ethyl 
acetate + 1 % acetic acid) to give 32 (2.51 g, 88%) as a yellow oli. 

20 Example 33 

3-Oxo-2-oxa-bicyclo[2.2.1]heptane-5-carboxylic acid ferf-butyl ester (33) 

- * 

: J 25 DMAP (14 mg, 0.1 15 mmol) and B0C2O (252 mg, 1 .44 mmol) was added to a stirred 
: j solution of 32 (180 mg, 1 .15 mmol) in 2 mL CH 2 CI 2 under inert argon atmosphere at 
0 °C. The reaction was allowed to warm to room temperature and was stirred 
.. : overnight. The reaction mixture was concentrated and the crude product was purified 
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by flash column chromatography (toluene/ethyl acetate gradient 15:1, 9:1, 6:1, 4:1, 
2:1 ) to give 33 (1 24 mg, 61 %) as white crystals. 

1 H-NMR (300 MHz, CD 3 OD) 8 1.45 (s, 9H), 1.90 (d. J = 11.0 Hz, 1H), 2.10-2.19 (m, 
5 3H). 2.76-2.63 (m. 1H). 3.10 (s, 1H), 4.99 (s, 1H); 13 C-NMR (76.5 MHz, CD 3 OD) 8 
27.1, 33.0, 37.7, 40.8, 46.1, 81.1, 61,6, 172.0, 177.7. 

Exam ple 34 



(1 ft,2f?,4S)-2-((1 R,2S)~1 -Ethoxycarbonyl-2-vinyl-cydopropylcarbambyl)-4-hydroxy- 
cyclopentanecarboxylic acid ferf-butyl ester (34) 

Compound 33 (56 mg, 0.264 mmol) was dissolved In dioxane/ water 1:1 (5 mL) and 
the mixture was cooled to 0 "C, 1 M lithium hydroxide (0.52 mL, 0.520 mmol) was 
added and the mixture was stirred at 0 °C for 45 minutes, after which the mixture 
was neutralized with 1M hydrochloric acid and evaporated and coevaporated with 
toluene. The residue was dissolved In DMF (5 mL) and (1ft,2S)-1-amlno-2- 
vlnylcyclopropane carboxylic acid ethyl ester hydrochloride (60 mg, 0.313 mmol) and 
diisopropylethylamine (DIEA) (138 pL, 0.792 mmol) were added and the solution was 
cooled to 0 °C. HATU (120 mg, 0.316 mmol) was added and the mixture was stirred 
for 0.5 h at 0 °C and for an additional 2 h at room temperature. The mixture was then 
evaporated and extracted with EtOAc, washed with brine, dried, filtered and 
concentrated. Purification by flash column chromatography (toluene/ EtOAc 1:1) 
provided compound 34 (86 mg. 89 %) as a colorless oil. 



OH 




25 



ExajBple.35. 
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(1 R.2f?,4/?)-2-((1 R2SH -Eth6xycarbonyl-2-vinyl-cyclopropylcarbamoyl)-4-(7- 
meBioxy-2-phenyl-quInolin-4-ytoxy)-cyclopentanecarboxyiic acid fe/t-butyl ester (35) 

5 Compound 34 (73 mg, 0.199 mmol) was dissolved in dry THF (4 mL) and 2-phenyl- 
7-methoxy-4-qulnolinol (86 mg, 0.342 mmol) and triphenylphosphine (141 mg, 0.538 
mmol) were added. The mixture was cooled to 0°C and DIAD (0.567 mmol) 
dissolved In 1 mL THF was added dropwlse. The mixture was stirred for 48 h at 
room temperature. The solvent was evaporated and the crude product was purified 
10 by flash column chromatography gradient elution (toluene/ EtQAc 9:1, 6:1, 4:1): to 
give compound 35 (81 mg, 66 %). 



Ex ample 3 6 



15 ^pcr!^erWeucj^ejOHJ3J) : 



Trlethylamine (890 >iL, 6.40 mmol) was added dropwise to a stirred solution of L-tert- 
leuclne (300 mg, 2.29 mmol) and dl-fert-butyl dicarbonate (599 mg, 2.74 mmol) in 
dioxane/ water 1 :1 (8 mL) and the solution was stirred overnight. The mixture was 
20 extracted with petroleum ether (2x) and the aqueous phase was cooled to 0 °C and 
carefully acidified to pH 3 by slow addition of 4M NaHSO 4 H 2 0. The acidified water 
phase was extracted with EtOAc (3x) and the combined organic phases were 
washed with brine (2x) and was then dried, filtered and concentrated to give 
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compound 36 (522 mg, 99 %) as a colorless powder. No further purification was 
needed. 

1 H-NMR (300 MHz, CD 3 OD) 8 0.99 (s, 9H), 1 .44 (s, 9H), 3.96 (S, 1 H); "C-NMR (75.5 
5 MHz, CD 3 OD) 8 27.1. 28.7, 34.9, 68.0, 80.5, 157.8, 174.7. 

Example 3 7 

((S)-Cyclohexyl-methylcarbamoyl-methyl)-carbamlc acid tert-butyl ester (37). 

10 

Boc-Chg-OH (387 mg, 1.60 mmol) was coupled to methylamine hydrochloride (111 
mg, 1 .65 mmol) using the same HATU coupling conditions as In the synthesis of 
compound 34. The crude product was extracted with EtOAc, washed with brine and 
concentrated. Purification by flash column chromatography (EtOAc) provided 
15 compound 37 (307 mg, 76 %) as a colorless solid. 



1 H-NMR (300 MHz, CDCI 3 ) 8 0.91-1.13 <m, 2H), 1.14-1.31 (m, 3H), 1.44 (s, 9H) ( 
1.61-1.80 (m. 6H), 2.80 (d, J = 4.7 Hz, 3H), 3.91 (dd, J* 7.1, 9.1 Hz, 1H), 5.23 (b, 
1H), 6.52 (bs, 1H); 13 C*NMR (75.5 MHz, CDCI3) 8 25.9, 26.0, 26.1, 28.3, 28.5, 29.6, 
I* 20 40.5,59.5,79.7,155.9,172.4. 



Exam ple 38 
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{(S)-1-[((S)-Cyclohexyl-methylcarbamoyl-methyl)^^ 
carbamlc acid ferf-butyl ester (38) 



5 To a solution of compound 37 (98 mg, 0.362 mmol) in methylene chloride (3 mL) 
were added triethylsllane (115 mL, 0.742 mmol) and TFA (3 mL), The mixture was 
stirred for 2 h at room temperature and was then evaporated and coevaporated with 
toluene. The deprotected amine was dissolved in DMF (5 mL) and coupled to 
compound 36 (84 mg, 0.363 mmol) using the same HATU coupling conditions as in 

1 0 the synthesis of 34. The crude product was extracted with EtOAc, washed with brine, 
dried, filtered and concentrated. Purification by flash column chromatography 
(toluene/ EtOAc 1:1) provided compound 38 (128 mg, 92 %) as a colorless solid. 



1 H-NMR (300 MHz, CDCfe) 5 0.99 (s. 9H), 1 .02-1 .30 (m, 5H), 1 .44 (a. 9H), 1 .58-1 .77 
1 5 (m. 4H). 1 .78-1 .89 (m, 2H), 2.79 (d. J = 4.7 Hz, 3H), 4.1 1 (d, J = 9.3 Hz, 1 H), 4.33 
(app. t, J = 8.5 Hz, 1H). 5.65 (b, 1H), 7.25 (b, 1H), 7.39 (b, 1H); 13 C-NMR (75.5 MHz, 
CDCIa) f> 25.9. 25.9, 26.0, 26.2. 26.8, 28.4, 29.0, 29.7, 34.5, 39.7, 58.4, 62.4. 79.4, 
166.0,171.4,171.8. 



20 



Ej£9l»pJ.e39 
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(1 R,2S)-1-ff(1 R T 2/?,4S)-2-{(S)-1-[((S>-Cyclohe>cyl-methylcarbannoyl-methylh 
carbamoyll-2,2-dimethyl-propylcarbamoyl}-4-(7-mefo^ 

cyclopentanocarbonyl]-amino}-2-vlnyl-cyclopropanecarboxylic acid ethyl ester (39) 

To a solution of compound 35 (30 mg, 0.050 mmol) in methylene chloride (1 .5 mL) 
were added triethylsilane (21 jiL, 0.132 mmol) and TFA (1.5 mL). The mixture was 
stirred for 2 h at room temperature and was then evaporated and coevaporated with 
toluene. The amine 38 (1.3 eq) was deprotected in the same manner as compound. 
35 and was then coupled to deprotected compound 35 using the same HATU 
coupling conditions as in the synthesis of 34. The crude product was extracted with 
EtOAc, washed with brine, dried, filtered and concentrated. Purification using HPLC 
(MeOH/ water 9:1 + 0.2% triethylamine) provided compound 39 (30 mg, 74%) as a 
colorless solid. 

1 H-NMR(300 MHz, CD 3 OD) 8 0.81-1.14 (m, 4H), 0.99 (s, overlapped, 9H), 1.21 (t, J 
= 7.1 Hz, 3H). 1.35-1.51 (m, 4H), 1.52-1.65 (m, 3H), 1.66-1.72 (m, 2H), 2.03-2.20 (m. 
2H), 2,24-2.39 (m, 1H), 2.46-2.56 (m, 1H), 2.66 (s, 3H), 2.72-2.85 (m. 1H), 3.39-3.48 
(m, 2H), 3.90 (s, 3H), 4.03-4.15 (m, 3H), 4.44 (s, 1H), 6.09 (dd, J = 1.9, 10.3 Hz, 1H), 
5.19-5.27 (m. 1H), 5.25 (dd, overlapped, 1H), 5.79 (ddd, J= 8.8, 10.3, 17.2 Hz, 1H), 
6.99 (s, 1H), 7.07 (dd, J = 2.5, 9.1, Hz, 1H), 7.29 (d, ./= 2,5 Hz, 1H), 7.43-7.52 (m, 
3H), 7.86-7.98 (m. 2H), 8.05 (d. J«= 9.3 Hz, 1H); 13 C-NMR (75.5 MHz, CD 3 OD) 8 
14.7, 23.4. 26.0, 26.9, 27.1, 27.3, 30.1, 30.7, 35.0, 35.4, 38.3, 38.8, 40.9, 41.0, 47.9, 
55.9, 59.6, 62.0, 62.4, 79.8, 99.9. 107.3. 116.4, 118.0, 119.1, 124.4, 128.9, 129,8, 
130.5, 135.3, 141.3, 152.1. 161.1, 162.4, 163.0, 171.6. 172.5, 173.7, 175.2, 176.8. 
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MaldlwTOF-spectrum: (M+H) + calcd: 810.4, found: 810.5; (M+Nay calcd: 832.4, 
found: 832.4; (M+Kf calcd: 848.5, found: 848.4. 

Exa mple 40 



5 




(1 R2SM -{[(1 R2R,4S)-2-{(S)-1-[((S)-Cyc1oh©xy|.methylcarbamoy)-methyl)- 
carbamoyl]-2,2^imethy!-propylcarbamoyl)-4-(7-methoxy-2-phenyl-quinolin-4-yJoxy)- 
cyclopentanecarbonyl]-amino}-2-vinyl-cyclopropanecarboxylic acid (40) 

10 

To a solution of compound 39 (20 mg, 0.025 mmol) In THF/MeOH/water 2:1 :1 (2 mL) 
at 0 °C was added 1M UOH (175 \iL, 0.175 mmol) and the solution was allowed to 
attain room temperature and was stirred for 48 h. The solution was acidified to pH 3 
with 1M HCI and was then evaporated and coevaporated with toluene. The crude 
15 product was purified by HPLC (MeOH/ water 6:4 + 0.5% TFA followed by MeOH/ 
water 4:1 + 0.2% TFA) to give compound 40 (13 mg, 67 %) as a colorless solid. 

1 H-NMR (300 MHz, CD 3 OD) 8 0.82-0.98 (m, 1H), 1.01 (s. 9H). 1.05-1.26 (m, 3H), 
1.34-1.43 (m, 1H), 1.49-1.77 (m, 8H), 2.10-2.21 (m. 1H), 2.28-2.42 (m. 2H), 2.50- 
. 20 2.61 (m, 1H), 2.64 (s, 3H), 2.68-2.81 (m, 1H), 3.36-3.45 (m, 2H) F 4.04-4.11 (m, 1H), 
4.06 (s, overlapped, 3H), 4.27 (d, J = 8.8 Hz, 1H), 5.10 (dd, J = 1.8, 10.3 Hz, 1H), 
5.28 (dd, J S 1.8, 17.2 Hz, 1H), 5.59-5.68 (m. 1H), 5.82 (ddd, J = 9.1, 10.3, 17.2 Hz, 
| * 1H), 7.44 (dd, J = 2.5, 11.8 Hz, 1H), 7.50 (s, 1H), 7.53 (d, J - 2.5 Hz, 1H). 7.69-7.78 
* ; (m. 3H), 8.02-8.07 (m, 2H), 8.39 (d, J = 9.3 Hz, 1 H); 13 C-NMR (75.5 MHz, CD 3 OD) 8 
25 23.5, 26.0, 26.9, 27.2, 27.3, 30.0, 30.7, 34.7, 35.3, 37.0, 38.7, 41.0, 41.3. 47.4, 56.9, 
i: 59.4, 62.7, 83.9, 100.4, 102.2, 116.2, 117.7, 121,7, 126.7, 129.8. 130.8. 133.4. 

133.9, 135.6. 143.5, 168.0, 166.6, 168.6, 172.5, 173.4, 173.6, 175.4, 176.4. Maldi- 
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TOF-spectrum: (M+Hf calcd: 782.4, found: 782.2; (M+Na)* calcd: 804.4, found: 
804.2; (M+Kf calcd: 820.5, found: 820.2. 

E xample 41 



3-Oxo-2-oxa-bicyclo|;2.2. 1 ]heptane-5-carboxylic acid methyl ester (41 ) 

10 Compound 32 (.1 .014 g, 6.50 mmol) was dissolved in acetone (35 mL) before methyl 
Iodide (13;68 g, 96.4 mmol) and silver(l)oxlde (1.61 g, 6.95 mmol) were added. After 
stirring for 3h the mixture was filtered through celite and the filtrate was evaporated 



1 H-NMR(300 MHz, CDCI 3 ): 6 1.96 (d, J= 10.7 Hz, 1H), 2.21-2.25 (m, 3H), 2.91-2.95 
(m, 1 H), 3. 1 6 (s, 1 H), 3.75 (s, 3H), 4.98 (app. s, 1 H). 

Examp le 42 



20 




(1R2/? t 4S)-2-((S)-1-fert-Butoxycarbonyl-butylcarbamoyl)-4-hydroxy- 
cyclopentanecarboxyllc acid methyl ester (42) 

Compound 41 (263 mg, 1.55 mmol) and H-Nva-OfBu (420 mg, 2.42 mmol) were 
:-. 25 dissolved in dry THF (20 mL). DIEA (530 ^L, 3.04 mmol) and 2-hydroxypyridine (260 
mg, 2.73 mmol) were added and the mixture was refluxed for five days. The solvent 
was evaporated and the crude product was purified by flash column chromatography 
(toluene/ EtOAc 1:2) to give 42 (510 mg, 96%). 



5 




before purification by flash column chromatography (toluene/ethyl acetate 4:1) was 
performed yielding the methyi ester 41 (702 mg, 64 %) as white crystals. 



15 
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Example 43 




(1 R.2f?,4R)-2-«S)-1 -tert-ButoxycarbonyKbutylcarbamoyl)-4-(7-methoxy-2-phBnyl- 
5 qufnolin-4-yloxy)-cyclopentanecarboxylic acid methyl ester (43) 

Compound 42 (249 mg, 0.725 mmol), 2-phenyl-7-methoxy-4-quinolinol (310 mg, 
1.23 mmol) and PPh 3 (580 mg, 2.21 mmol) were dissolved in dry THF and the 
temperature was lowered to O'C. OIAD (435 uL. 2.21 mmol) dissolved In 2 mL dry 
10 THF, was added to the mixture during five minutes. After two hours the temperature 
was raised to room temperature and the solution was stirred overnight. Evaporation 
and purification by flash column chromatography (toluene/ EtOAc gradient 6:1 to 4.1 ) 
gave 43 (324 mg, 78%). 

15 E xample 4 4 




(S)-2-{[(lR,2R,4S)-2-{(S)-1-[((S)-Cyclohexyl-methylcarbamoyl-methyl)-carbamoyl]- 
2,2-dimethyl-propylcarbamoyl)-4-(7-methoxy-2-phenyl-quinoIin-4-yloxy)- 
cyclopentanecarbonyl]-amlno)-pentanorc acid te/f-butyl ester (44) 
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Compound 43 (38 mg, 0.066 mmol) was dissolved In dioxane/ water 1:1 (4 mL) and 
the solution was cooled to 0 °C and 1 M LiOH (132 »J. 0.132 mmol) was added. The 
temperature was raised to room temperature and the solution was stirred for 2 hours 
5 after which it was neutralized by addition of 1 M HCI and evaporated and 

coevaporated with toluene. The residue and deprotected amine 38 (1 .1 eq) was 
dissolved in DMF and coupled using the standard HATU coupling conditions as in 
the synthesis of compound 34. The crude product was extracted with EtOAc, 
washed with brine, dried, filtered and concentrated. Purification with HPLC (MeOH/ 
10 water 9:1 + 0.2% TEA) provided compound 44 (44 mg, 81 %) as a colorless solid. 

1 H-NMR (CDCI 3 , 300 MHz) retainers (5:1) 6 0.79 (t ( J* 7.3 Hz, 3H), 0.85-1,19 (m, 
3H), 0.93 (s, overlapped, 9H), 1.20-1.35 (m, 2H), 1.39 (s, 1.5 H), 1.43 (s, 7.5 H), 
1.64-1.79 (m, 6H), 2.06-2.28 (m, 3H), 2.39-2.51 (m, 2H). 2.66-2.78 (m, 1H). 2.74 (d, 

15 overlapped, J - 4.7 Hz, 3H), 3.42-3.68 (m, 2H), 3.84 (s, 2.5 H), 3.88 (s, 0.5 H), 4.19 
(t. J « 8.9 Hz. 1H), 4.39-4.59 (m, 1H), 4.68 (d, J = 9.6 Hz, 1H), 5.04-5.14 (m, 1H) f 
6.77 (s, 1H), 6.88-7.06 (m, 2H) f 7.26-7.47 (m, 6H), 7.53 (b, 1H), 7.85-7.97 (m, 3H); 
13 C-NMR (75.5 MHz, CDCI 3 ) 6 13.7, 18.7, 25.6, 25.7, 26.0, 26.7, 28.0, 28.9, 29,7, 
34.5, 34.7, 37.7, 38.0, 39.2. 46.6, 47.7, 52.7, 55.3, 56.5, 60.3. 77.9, 81.7, 98.0, 

20 107.4, 115.0. 117.9, 122.8, 127.4, 128.6, 129.0, 140.2, 161.2, 168.9, 160.6, 161.1, 
170.9, 171.6, 171.8, 172.7, 173.3. Maldi-TOF-spectrum: (M+H) + calcd: 826.5, found: 
828.6; (M+Na) + calcd: 850.6, found: 850.6; (M+K)* calcd: 866.6, found: 866.6. 



Exam ple 45 
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(S)-2-{[(1R,2R,4S)-2H(S)-1-[((S)-Cyclohexyl-methyIcarbamoyl-methyl)-Mrbamoyl]- 
2,2Hjimethyl-propy|carbamoyl)-4-(7'-methoxy-2-phenyl-quinolln-4-yIoxy)- 
5 cyc|opentanecarbonyl]-amlno}-pentanolG acid (45) 

Compound 44 (21 mg, 0,025 mmol) was dissolved in CH2CI2 (1.5 mL) and 
triethylsilane (10 nL, 0.063 mmol) and TFA (1 .5 mL) were added. The solution was 
stirred for 2 hours at room temperature after which the solvents were evaporated and 
1 0 coevaporated with toluene to provide compound 45 (20 mg, 1 00 %) as a colorless 
solid. 

1 H-NMR (300 MHz, CD3OD) 8 0.93 (t, overlapped, 3H). 0,98 (s, 9H), 0.99-1.25 (m, 
4H), 1.30-1.49 (m, 3H), 1.50-1.90 (m, 8H), 2.25-2.39 (m, 2H), 2.54-2.62 (m, 1H), 

15 2.64 (s, 3H), 2.72-2.87 (m, 1H). 3.34-3.57 (m, 3H), 4.02-4,13 (m, 1H), 4.06 (s, 

overlapped, 3H), 4.27-4.36 (m, 1H), 4.37-4.47 (m, 1H), 5.57-5.66 (m, 1 H), 7.45 (dd, J 
= 2.3, 9.2 Hz, 1H), 7,48 (s, 1H), 7.54 (d, J = 2.2 Hz, 1H), 7.69-7.79 (m. 3H), 8.01- 
8.07 (m, 2H), 8,42 (d, J = 9.3 Hz, 1 H); 13 C-NMR (75.5 MHz, CD 3 OD) 8 14.0, 20.2, 
26.0, 26,9, 27.2, 30.1 , 30.7, 34.6, 35.3, 37.2, 39.1 , 41.2, 47.7, 53.7, 56.9, 59.4, 59.5, 

20 62.5, 83.7, 100.4, 101.3, 102.2, 116.2, 121.7, 126.7, 129.8, 130.8, 133.3, 133.9, 
-* 143.5, 157.9, 166.6, 168.5, 172.5, 173.6, 175.3, 175.4, 175.5. 



Maldi-TOF-spectrum: (M+H) + ca!cd: 772.4, found; 772.6; (M+Na) + calcd: 794.4, 
found: 794.6; (M+Kf calcd: 810.5, found: 810.6. 
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Exam ple 46 
Hept-6-enal (46) 

5 To a solution of hept-6-en-1-ol (1 mL, 7.44 mmol) and N-methylmorpholine N-oxide 
(1.308 g, 11.17 mmol) In DCM (17 mL) was added ground molecular sieves (3.6 g, 4 
A). The mixture was stirred for 10 min at room temperature under nitrogen 
atmosphere before tetrapropylammonium perruthenate (TPAP) (131 mg. 0.37 mmol). 
was added. After stirring for additional 2.5 h the solution was filtered through celite. 

10 The solvent was then carefully evaporated and the remaining liquid was purified by 
flash column chromatography (DCM) to give the volatile aldehyde 46 (620 mg, 74%) 
as an oil. 

Examp le 47 

15 W-Hept-6-en-(e)-ylidene-hydrazinecarboxyl»c acid fe/f-butyl ester (47) 

To a solution of 46 (68 mg, 0.610 mmol) and fe/f-butyl carbazate (81 mg, Oi.613 
mmol) in MeOH (5 mL) was added ground molecular sieves (115 mg, 3A), The 
mixture was stirred for 3 h after which It was filtered through celite and evaporated. 
20 The residue was dissolved in dry THF (3 mL) and AcOH (3mL). NaBH 3 CN (95 mg, 
.1.51 mmol) was added and the solution was stirred over night. The reaction mixture 
was diluted with saturated NaHC0 3 solution (6 mL) and EtOAc (6 mL). The organic 
phase was washed with brine, saturated NaHC0 3 , brine, dried over MgS04 and 
evaporated. The cyanoborane adduct was hydrolyzed by treatment with MeOH (3 
. 25 mL) and 2 M NaOH (1.9 mL). The mixture was stirred for 2 h and the MeOH was 
evaporated. H 2 0 (5 mL) and DCM (5 mL) were added and the water phase was 
extracted three times with DCM. The combined organic phases were dried and 
evaporated. Purification by flash column chromatography (toluene/ethyl acetate 9:1 
with 1 % triethylamine and toluene/ethyl acetate 6:1 with 1 % triethylamine) provided 
, 30 47 (85 mg, 61 %) as an oil. 
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(1 R,2S)-1 -{[(1 R,2R r 4R)-2KAr-fe^Birtoxycarbonyl-N-hept-6^ny1-hydrazinocarbonyl)- 
4^7-methoxy-2-phenyl-quinolin^yloxy)^c!opentanecarbonyl]-amfno>-2-vlnyl- 
cyclopropanecarboxylic add ethyl ester (48) 

5 

Scaffold molecule 35 (135 mg, 0.225 mmol) and triethylsllane (71 y.L, 0.447 mmol) 
was dissolved In DCM (2 mL) after which trifluoroacefic acid (TFA) (2 mL) was 
added. The mixture was stirred for 2 h and thereafter co-evaporated with toluene in 
order to remove the TFA. The residue was dissolved in DMF (3 mL) and 47 (60 mg, 

10 0.263 mmol) and DlEA (118 nL, 0.677 mmol) were added. The temperature was 
lowered to 0° C and the coupling reagent O-^-azabenzotriazol-l-ylJ-N.N.N'.N- 
tetramethyluronlum hexafluorophosphate (HATU) (94 mg, 0.247 mmol) was added. 
The cold solution was allowed to stir for half an hour and then for additional 1 6 h in 
room temperature. The solvent was removed by heating the reaction flask in a water 

15 bath under diminished pressure. The residue was thereafter dissolved In ethyl 

acetate and the organic phase was washed three times with brine, dried, filtered and 
evaporated. Purification by HPLC (MeOH/H a O 90:10 with 0.2 % triethylamlne) gave 
48 (140 mg, 82 %) as an oil. 

20 1 H-NMR (300 MHz, CDCIa, 40° C): 5 1 .22 (t, J = 7.1 Hz, 3H), 1 .28-1 .42 (m, 6H), 1 .46 
(s. 9H), 1.52-1.62 (m, 2H), 1.82-1.91 (m, 1H) t 1.96-2.16 (m, 3H), 2.18-2.34 (m, 2H), 
2.42-2.56 (m, 1H), 2.58-2.72 (m, 1H), 3.42 (app. bs, 3H). 3.66-3.84 (m, 1H), 3.92 (s, 
3H), 4.15 (q, J = 7.1 Hz, 2H), 4.88-5.02 (m, 2H), 5.07-5.18 (m, 2H), 5.20-5.32 (m, 
1H), 5.63-5.84 (m, 2H). 6.62 (bs, 1H), 6.94 (s, 1H), 7.09 (dd, J = 2.6, 9.2 Hz, 1H), 

: 25 7.36-7.51 (m, 4H), 7.99-8.1 0 (m, 3H); 13 C-NMR (75.5 MHz, CDCI 3 ): 5 14.3, 23.0, 

26.4, 26.6, 28.3, 28.6, 33.2, 33.5, 35.6, 37.6, 40.6, 44.7, 47.1 , 48.6. 55.5, 61 .5, 81 .9, 

-. 98.4. 107.9, 114.5. 115.6, 118.1, 123.2, 127.6, 128.3, 128.7, 129.1, 133.6, 138.7, 

140.7, 161.5, 154.5, 159.2, 160.9, 161.5, 170.5, 174.2, 176.3. 
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(2H 1 R.4R.6S, 1 6R, 1 8/?)-1 4-ferf-Butoxycarbonylamino-1 8-(7-methoxy-2-phenyl- 

quinoltn-4-yloxy)-2,15^ioxo-3,14-dfaza4ricydo[14.3.O.O 4 ' 6 ]nonadec-7-en0-4- 
carboxylic add ethyl ester (49) 

5 A solution of 48 (158 mg, 0.209 mmol) in dry DCM (25 mL) was bubbled with argon 
for 5 min. To the stirred solution under argon atmosphere was then added a solution 
of Hoveyda-Grubbs catalyst 2 nd generation (1 1 mg, 0.018 mmol) in dry DCM (5 mL), 
The mixture was stirred at reflux under argon atmosphere for 18 h. The solvent was 
evaporated and purification by HPLC (MeOH/H 2 0 90:10 with 0.2 % triethylamine) 

10 yielded 49 (1 07 mg, 70 %) as a colorless solid, 

1 H-NMR (300 MHz, CD 3 OD): 8 1 .03-1 .22 (m, 1 H), 1 .28 (t, J = 7.1 Hz, 3H), 1 .32-1 .44 
(m, 4H), 1.49 (s, 9H), 1.55-1.73 (m, 2H), 1.81-1.91 (m, 1H), 2.04-2.28 (m, 3H). 2.30- 
2.52 (m, 3H), 2.53-2.70 (m, 1H), 2.86-3.00 (m, 1H), 3.34-3.44 (m, 1H), 3.46-3.62 (m, 

35 1 H), 3.95 (s, 3H), 4.19 <q, J = 7.1 Hz, 2H), 4.32-4.48 (m, 1 H), 5.20-5.33 (m, 1 H), 5.34 
(bs, 1H), 5.58-5.70 (m, 1H). 7.10 (s, 1H), 7.14 (dd, J= 2.5, 9.1 Hz, 1H), 7.39 (d, J == 
2.5 Hz, 1H), 7.46-7.55 (m. 3H), 8.0Q (d, J * 8.0 Hz, 2H), 8.17 (d, J = 9.3 Hz, 1H); 
13 C-NMR (75.5 MHz. CD3OD): 6 14.6, 23.4, 27.5, 27.7, 28.0, 28.5, 30.7, 36.1, 38.1, 
42.5. 45.6, 56.0, 62.7, 79.9, 82.8, 100.2, 107.4, 116.6, 119.1, 124.5, 126.5, 128.9, 

20 129.8, 130.5, 135.8, 141.5, 152.2, 156.4, 161.3, 162.5, 163.1, 171.9, 175.8, 179.0. 
MALDI-TOF-spectrum: (M+H)* calcd: 727.4, found: 727.5. 

I*iimele_5_0 

(Z)-(1R,4R,6S,1 6R, 1 8/?)-1 4-tert-Butoxycarbonylamino-1 8-(7-methoxy-2-phenyl- 

25 quinolin-4-yJoxy)-2 l 15-dioxo-3,14-d!aza-tricyclo[14.3.0.0 4 ' 6 ]nonadec-7-ene-4- 
carboxylic acid (50) 
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To a solution of 49 (27 mg, 0.037 mmol) in THF/MeOH/H 2 0 2:1:1 (5 mL) was added 
1 M LiOH (300 uL, 0.300 mmol). The solution was stirred for 24 h at room 
temperature and finally for one hour at reflux. After acidification to pH 3-4 with 1 M 
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HCl and evaporation the residue was purified by HPLC (MeOH/H 2 0 80:20 and 
MeOH/H 2 0 90:10) providing 50 (12 mg, 46 %) as a colorless solid. 

1 H-NMR (300 MHz. CD 3 OD): 5 1.06-1.24 (m, 1H), 1.26-1 .42 (m, 3H), 1.48 (s, 9H), 
5 1.62-1.73 (m, 3H). 1 .80-1.90 (m. 1H), 2.02-2.15 (m, 1H), 2.15-2.40 (m, 4H), 2.43- 
2.64 (m, 1H), 2.64-2.68 (m. 1H), 2.88-3.00 (m, 1H), 3.35-3.48 (m, 1H), 3.49-3.66 (m, 
1H), 3.96 (s, 3H), 4.32-4.48 (m. 1H), 5.25-5.42 (m, 2H), 5.56-5.66 (m, 1H), 7.14 (S, 
1H), 7.17 <dd, J« 2.5. 9.1 Hz, 1H). 7.40 (d, J= 2.2 Hz. 1H). 7.46-7.58 (m. 3H), 8.00 
(d. J = 8.0 Hz. 2H). 8.19 (d, J = 9.1 Hz. 1H); 13 C-NMR (75.5 MHz. CD 3 OD): 6 23.6. 
10 26.8. 27.8. 28.3. 28.5. 30.5. 35.8. 38.1. 43.0, 45.5. 56.0. 80.2. 82.7. 100.4. 106.9, 
116.6, 119.2. 124.7, 127.4, 129.0, 129.8, 130.7, 134.8. 140.9, 151.6, 156.5, 161.1, 
163.0, 163.4, 173.8, 175.7, 179.3. 

Example 5 1 

1 5 ((Sy-1-Cyc!opentylcarbamoyl-2,2-dimethyl-propyl)-carbamic acid ferf-butyl ester (51 ), 

To a cold solution of 36 (133 mg. 0.575 mmol), cyclopentylamine (64 pL, 0.648 
mmol) and DIEA (301 uL, 1 .73 mmol) in DMF (3 mL) was added the coupling 
reagent HATU (240 mg, 0.631 mmol). The mixture was stirred for half an hour and 
20 for additional two hours at room temperature. The solvent was removed by heating 
the reaction flask in a water bath under diminished pressure and the residue was 
dissolved in ethyl acetate, after which the organic phase was washed three times 
with brine, dried, filtered and evaporated. Purification by flash column 
chromatography (toluene/ethyl acetate 4:1) provided 51 (140 mg, 82 %) as colorless 
: 25 crystals. 

: 1 H-NMR (300 MHz, CDCI 3 ): 5 0.95 (s. 9H), 1 .28-1 .48 (m, overlapped, 2H), 1 .40 (s, 

: 9H), 1 .49-1 .71 (m, 4H), 1 .86-2.01 (m, 2H). 3.76 (b, 1 H), 4.09-4.23 (m, 1 H), 5.32 (b. 

1 H), 5.91 (b, 1 H); 13 C-NMR (75.5 MHz, CDCI 3 ): 6 23.6, 23.7, 26.5, 28.3, 32.6, 33.1 , 
; 30 34.5,51.0,62.2,79.4,155.9,170.3. 
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(1/? ( 2S)-HKlR,2R,4S)-2-((S)-1-Cyclopentylcarbamoyl-2.2-dimethyl- 

propylcart>amoylW7-methoxy^ 
amino}-2-vlnyl-cyclopropanecarboxylic acid ethyl ester (52) 

5 

Compound 51 (298 mg, 0.048 mmol) and 35 (16 mg, 0.054 mmol) was deprotected 
and coupled according to the method for the preparation of 39. Purification by HPLC 
(MeOH/H 2 0 90:10 with 0.2 % triethylamine) gave 52 (22 mg, 83 %) as a colorless 
solid. 

10 

1 H-NMR (CDCIs, 300 MHz): S 0.97 (s, 9H). 1 .21 (t, J = 7.1 Hz, 3H), 1 .26-1 .37 (m. 
1 H), 1 .38-1 .46 (m, 2H). 1 .48-1 .58 (m, 4H), 1 .78-1 .85 (m, 1 H). 1 .86-2.02 (m, 3H), 
2.03-2.1 9 (m, 1 H), 2.28-2.40 (m, 2H), 2.41-2.54 (m, 1 H), 2.64-2.78 (m, 1 H), 3.10- 
3.24 (m, 1H), 3.30-3.44 (m, 1H), 3.95 (s, 3H). 4.04-4.21 (m, 3H), 5.12 (dd, J = 1.7, 

15 10.3 Hz, 1H), 5.14-5.22 (m. 1H), 5.28 (dd, «7~1.7, 17.0 Hz, 1H), 5.59 (b, 1H) T 5.75 
(ddd, J= 8.8, 10,3, 17.0 Hz, 1H), 6.66-6.82 (m, 2H), 6.99 (s. 1H). 7,09 (dd, J * 2.5, 
9.1 Hz, 1H). 7.41-7.55 (m, 4H), 7.99-8.09 (m, 3H); 13 C-NMR (75.5 MHz. CDCI 3 ): 5 
14.3, 22.9, 23.6, 23.6, 26.7, 32.7, 33.2, 33.7, 34.8, 35.9, 36.6, 40.2, 46.4, 47.5, 51.3, 
55.5, 61.1, 61.4, 78.0. 98.4, 107.1, 115.2, 117.9, 118.2, 123.1, 127.6. 128.8, 129.3, 

20 133.5. 159.1 , 161 .4. 169.4, 169.9, 173.1. 174.0. MALDI-TOF-spectrum: (M+Hf 

calcd: 725.4, found: 725.6; (M+Na) + calcd: 747.4, found: 747.6; (M+K) + calcd: 763.3. 
found: 763.5. 

Example 53 

• . 25 (1 R,2S)-1 -{[(1 «,2R.4S)-2-((S)-1-Cyclopentylcarbamoyl-2,2-dimethyl- 

propylcarbamoyl)-4-(7-methoxy-2-phenyl-quinolin-4-yloxy)-cyclopentanecarbonyl]- 

amino)-2-vinyl-cyc|opropanecarboxyllc acid (53). 
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To a solution of 52 (14 mg, 0.019 mmol) in dioxane/H 2 0 1:1: (4 mL) was added 1 M 
UOH (115 nL, 0.1 15 mmol). The solution was stirred for 24 h at room temperature. 
Thereafter an additional portion of UOH (75 uL, 0.075 mmol) was added and the 
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solution was stirred for another 24 h. After acidification to approximately pH 3 with 1 
M HCI and co-evaporation with toluene the residue was purified by HPLC 
(MeOH/H 2 0 70:30 with 0.2 % TFA) yielding 53 (8 mg, 60 %) as a colorless solid. 

5 1 H-NMR (300 MHz, CD3OD): 5 0.98 (s, 9H), 1.28-1.48 (m, 3H). 1.49-1.76 (m, 5H), 
1.78-1.94 (m. 2H). 2,10-2.24 (m,1H), 2.26-2.45 (m, 2H), 2.50-2.62 (m. 1H), 2.66- 
2.79 (m. 1H), 3.35-3.48 (m, 2H). 3.94-4.03 (m, 1H), 4.06 (s, 3H), 4.16-4.24 (m. 1H). 
5.10 (dd, J - 1,8, 10.3 Hz, 1H), 5.29 (dd, J =1.8, 17.2 Hz, 1H), 5.62 (b, 1H). 5.82 
(ddd, J = 9.1, 10.3, 17.2 Hz, 1H). 7,43 (dd, J* 2.5, 9.3 Hz. 1H), 7.50 (s, 1H), 7.50- 

10 7.69 (dd, overlapped, 1H), 7.67-7.80 (m, 3H) r 8.01-8.11 (m. 2H). 8.39 (d, J * 9.3 Hz, 
1H); 13 C-NMR (75.5 MHz, CD 3 OD): 5 24.7, 24.7, 27.3, 33.1. 33.6, 34.7, 35.4, 36.9, 
38.7, 41.0, 47.4, 52.3, 56.9, 62.3, 83.9, 100.4, 102.3, 116.2, 117.7, 121.6, 126.7. 
129.8, 130.8, 133.4, 133.8, 135.6, 143.5, 158.0, 166.5, 168.6, 171.9, 173.4, 175.2, 
176.4. MALDI-TOF-spectrum: (M+H) + calcd: 697.4, found: 897.3; (M+Na) + calcd: 

15 718.7, found: 719.3; (M+K)" calcd: 735.3, found: 735.3. 

(S)-/ert-Butoxycarbonylamino-cyclohexyl-acetlc acid methyl ester (54) 

20 To a solution of Boc-Chg-OH (53 mg, 0.206 mmol) in acetone (3 mL) were added 
methyl iodide (195 uL, 3.1 mmol) and silver (I) oxide (53 mg, 0.229 mmol). The 
mixture was allowed to stir over night in a reaction flask that was covered with 
aluminium foil. Thereafter the solution was filtered through celite and evaporated. 
Purification by flash column chromatography (toluene/ethyl acetate 15:1) provided 

25 methyl ester 54 (56 mg, 100 %) as a colorless oil. 

1 H-NMR (300 MHz, CDCI3): 8 1.00-1.34 (m, 5H), 1.44 (s, 9H), 1.54-1.82 (m, 6H), 
: 3,73 (s, 3H). 4.20 (dd. J = 2.8. 5.0 Hz, 1H), 5.05 (bs, 1H); 13 C-NMR (75.5 MHz, 

- CDCI 3 ): 5 26.0. 28.2, 28.3. 29.5. 41.1, 52.0, 58.3, 79.7, 165.6, 172.9. 
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(SM(S)-2-Benzyloxycarbonylamino^ ac,d 
methyl ester (55) 

Compound 54 (93 mg, 0.343 mmol) was deprotected and coupled to Z-Val-OH (95 
5 mg, 0.378 mmol) according to the method for the preparation of 39. Flash column 
chromatography (toluene/ethyl acetate 4:1) gave 55 (131 mg, 94 %) as a colorless 
solid. 

1 H-NMR(300 MHz, CDCI 3 ): S 0.92-1.30 (m, 1 1 H), 1 .54-1 .88 (m, 6H). 2.02-2.18 (m, 
- -10- 1H). 3.72 (s, 3H)> 4.05-4.18 (m, 1H), 4.52 (dd, J«= 3.0, 5.5 Hz, 1.H), 5.12 (s. 2H), 5.49 
(bs, 1H), 6.52 (bs, 1H), 7.34 (s, 5H); 13 C«NMR (75.5 MHz, CDCfe): 5 17.8, 19.0, 25.8, 
28.2, 29.3, 31.2. 40.5, 51.9, 56.8, 60.0, 66.8, 127.7, 127.9. 128.1. 128.3. 136.2, 
156.3, 171.3, 172.2. 

15 Exa mple 56 

(S)-2-{[(1/?,2R4S)-2-{(S)-1-U(S)-Cydohexyl-methoxycarbonyl-methyl)-carbamoyl]- 
2-methyl-propytcarbamoyl)-4-(7-methoxy-2-phenyl-qulnolin-4-yloxy)- 
cyclopentanecarbonyl]-amino)-pentanolc acid ferf-butyl ester (56). 

20 To a solution of 55 (40 mg, 0.099 mmol) in ethanol (95%) (7.5 mL) was added 

palladium on active carbon (10 %, 40 mg) and the mixture was hydrogenated under 
pressure at room temperature for 2 h. The mixture was filtered through celite and 
evaporated. Compound 43 (38 mg, 0.083 mmol) was dissolved in dioxane/H 2 0 1 :1 
(3 mL) and the mixture was cooled to 0° C before 1 M UOH (140 |xL, 0.1 40 mmol) 
25 was added to the stirred solution. After 1h the mixture was neutralized with 1 M 
hydrochloric acid and the solvent was evaporated and co-evaporated with toluene. 
The residue was coupled to deprotected 65 using the same HATU coupling 
conditions as in the synthesis of compound 48. Purification by HPLC (MeOH/HjO 
90:10 with 0.2 % triethylamine) gave 66 (56 mg, 88 %) as a colorless solid. 
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1 H-NMR (300 MHz, CDCl 3 ): 5 0.82-0.96 (m, 9H). 0.82-1.22 (m, overlapped, 6H), 
1.23-1,40 (m, 2H), 1.44 (s. 9H), 1.50-1.69 (m, 4H), 1.71-1.87 (m, 2H). 1.95-2.06 (m, 
1H), 2.07-2.22 (m, 1H), 2.28-2.54 (m, 3H), 2.60-2.75 (m, 1H), 3.08-3.28 (m, 1H), 
3.30-3.49 (m, 1H), 3.70 (s. 3H), 3.94 (S, 3H). 4.28-4.38 (m, 1H), 4.41-4.57 (m, 2H), 

5 5.17 (b, 1H), 6.64-6.70 (m. 2H), 6.74 (b, 1H), 6.95 (s, 1H), 7.09 (dd, J« 2.5, 9.1 Hz, 
1H), 7.39-7.55 (m, 5H), 7.98-8.10 (m, 3H); 13 C-NMR (75.5 MHz, CDCl 3 ): 6 13.7, 
18.1. 18.6, 19.2, 25.9, 26.0. 28.2, 29.6, 30.7, 34.6, 36.5, 37.6, 40.8. 47.4, 47.5, 52.1, 
52.8. 55.5, 56.8, 58.9, 77.8, 82.0, 98.3, 107.6. 115.3, 118.1, 123.1, 127.5, 128.7. 
129.1, 140.6, 151.4. 159.2, 160.7, 161.3, 171.0, 171.5, 172.3, 172.8. 173.0. MALDI- 

1 0 TOF-spectrum: (M+Hf calcd: 81 5.5, found: 81 5.7; (M+Naf calcd: 837.4, found: 
837.6; (M+Kf calcd: 853,4, found: 853.6. 

Example 57 

(S)-2-{[(1 R,2R.4S)-2-{(S)-H(^ 
15 methyl-propylcarbamoyl)-4-{7-methoxy-2-phenyl-quinolin-4-yloxy)- 

cyclopentanecarbonyi]-amino}-pentanolc acid (57) 

Terf.butyl ester 56 (28 mg, 0.034 mmol) and triethylsllane (1 4 pL, 0.088 mmol) was 
dissolved in DCM (2 mL) after which trifluoroacetlc add (2 mL) was added and the 
20 mixture was stirred for 2 h. Co-evaporation with toluene gave 57 (26 mg, 100 %) as 
a colorless solid. 

1 H-NMR (300 MHz, CD 3 OD): 8 0.86-1 ,00 (m, 9H), 1 .01-1 .24 (m, 4H), 1 .36-1 .46 (m, 
2H), 1.48-1.75 (m, 8H), 1.70-1.89 (m, overlapped, 1H), 1.96-2.12 (m, 1H), 2.22-2.40 

25 (m, overlapped, 2H), 2.49-2.64 (m. 1 H), 2.72-2.91 (m, 1 H), 3.26-3.40 (m, 

overlapped, 1 H), 3.50-3.68 (m, overlapped, 1 H), 3.62 (s, 3H), 4.05 (s, 3H), 4.09-4.1 7 
(m. 1H). 4.17-4.25 (m, 1H), 4.35-4.45 (m, 1H), 5.62 (b. 1H), 7.44 (dd, J= 2.2, 9.3 Hz, 
1H). 7.49 (s, 1H), 7.53 (d. J= 2.2 Hz, 1H), 7.65-7.78 (m, 3H), 7.98-8.06 (m, 2H), 8.41 
(dd, J= 2.8, 9.3 Hz, 1H); 13 C-NMR (CD3OD, 75.5 MHz): 6 13.9, 18.8, 19.7, 20.2, 

30 27.0, 29.7, 30.5, 31.8, 34.6, 37.7, 38.9, 41.1, 47.8, 52.3, 53.6, 56.9, 58.8, 58.9. 60.3, 
83.8, 100.4, 102.2, 116.2, 121.6, 126.7, 129.8. 130.8, 133.3. 133.8, 143.5, 157.9, 



30-JAN-04 FRI 16! 18 MEDIVIR 4 ■ FAX NO. 01223 847894 P 

01223 847894 . t tat (rt n?.wy 



Ml 83 



100 



?.Xi -G1- 3 0 



166.5. 168.5, 173.3, 173.9. 175.5, 175.5, 175.6. MALDI-TOF-spectrum: (M+H) + 
calcd: 759.4. found; 759.7; (M+Na) + calcd: 781 .4. found: 781 .7; (M+K)* calcd: 797.4, 
found: 797.7. 



5 Exam ple 58 




(S)-2-ft(1 R,2R,4S)-2-{(S)-1 -[((S>-Cy^ 

m©thyl-propylcarbamoyl}^(7Hiiethoxy-2-phenyl^uinolfr)-4-yloxy)- 
10 cyc)opentanecarbonyl]-anr»ino}-butyric add (58). ^ 

The procedure described in example 42 was followed but with the use of L-2-amino- 
N-butyric acid tertbutyl ester instead of H-Nva-OfBu. The afforded compound was 
then reacted as described in example 43 which gave (1R,2ft,4R)-2-((S)-1-ferf- 
15 butoxycarbonyl-propyJcarbamoyl)^ 

cyclopentanecarboxylic acid methyl ester. Coupling of this compound with 55 as 
described in example 56 followed by esterhydrolysis as described in example 57 
gave 58 as a colourless solid. 

20 1 H-NMR (300 MHz, CD 3 OD): 5 0.82-0.99 (m, 9H). 0.82-1 .40 (m, overlapped, 6H), 
1.48-1.78 (m, 6H), 1.80-1.95 (m, 1H), 1.97-2.12 (m, 1H). 2.22-2.40 (m. overlapped, 
2H), 2.51-2.64 (m, 1H), 2.71-2.90 (m, 1H), 3.16-3.39 (m, overlapped, 1H), 3.49-3.59 
(m. 1H), 3.63 (s, 3H). 3.95 (s, 3H), 4.12-4.23 (m, 2H), 4.28-4.38 (m, 1H), 5.31 (b, 
1H), 7.43 (dd. J = 2.2, 9.3 Hz, 1H), 7.47 (s, 1H). 7,51 (s, 1H), 7.66-7.89 (m, 3H), 

25 7.99-8.07 (m, 2H), 8.42 (d, J= 9.1 Hz, 1 H); 13 CNMR (75.5 MHz, CD 3 OD): 5 1 0.7, 
18.8, 19.7. 25.8. 27.0. 27.0, 29.7, 30.5, 31.8, 37.7, 38.9. 41.2, 47,9, 52.3. 55.3, 56.9, 
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58.8, 60.6. 83.6, 100.7, 102.2, 116.3, 121.5, 126.7, 129.8, 130.8, 133.7, 133.8, 
143.9, 158.2, 166,4, 168.3, 173.3, 173.8. 175.2, 175.5. 175.6. MALDl-TOF- 
spectrum: (M+H)* calcd: 745.4, found: 744.9; (M+Naf calcd: 767.4, found: 766.9: 
(M+Kf calcd: 783.5, found: 782.9. 

E xample 59 




o H 

A H 




(S>2-{[(1R,2R,4S)-2-{(/?)-1-[((R)-CyclOhexy^ 
10 m©thyJ-propylcarbamoyl)^(7-methoxy-2-pheny!-qu'inoHn-4-yloxy)- 

cyclopentanecarbonyrj-amino}4)utyrlc acid (59) 

The procedure described in example 54 was followed but with the use of Boc*D- 
cyclohexylglycine instead of Boc-L-cyclohexylglycine. The afforded compound was 
15 then reacted as described in example 55 followed by coupling with (1R,2f?,4R)-2- 
((S)-1^ert-Butoxycarbonyl-pentylcarbamoyl)-4-(7-methoxy-2HphenyJ-quinolin-4- 
yloxy)-cyclopentanecarbbxylic acid methyl ester as described in example 56. 
Removal of the ester group as described in example 57 gave compound 59 as a 
colourless solid. 

:> 20 

I 1 H-NMR (CD3OD, 300 MHz): 5 0.82-1.02 (m. 9H), 1.04-1.42 (m, 6H), 1.52-1.80 (m, 

j"; 6H), 1,80-1.96 (m, overlapped, 1H), 2.00-2.14 (m, 1H), 2.29-2.46 (m. 2H), 2.51-2.65 

(m. 1H), 2.68-2.84 (m, 1H), 3.24-3.39 (m, overlapped, 1H), 3.47-3.60 (m, 1H), 3.67 
(s, 3H), 4.07 (s, 3H), 4.18-4.27 (m, 2H), 4.28-4.38 (m, 1H), 5.64 (app. bs, 1H), 7.44 
**: 25 (d, J = 2.3, 6.9 Hz, 1H), 7.42 (s, 2H), 7.67-7.81 (m, 3H), 8.04 (d, J = 7.8 Hz, 2H), 
8.41 (d, J = 9.1 Hz, 1H); 13 C-NMR (CD 3 OD. 75.5 MHz): 6 10.8, 18.5, 19.6. 25.7, 
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27 1 27 1 30.1, 30.6. 31.9. 37.3. 38.2. 41.1. 47.8, 52.3, 55.4, 56.9, 59.0. 59 1, 60.2, 
83 8 WO 5 102.2, 116.3, 121.6. 126.8. 129.8. 130.8, 133.6. 133.8, 143.7. 15*1 
66 5 168 6 173 4 173.6, 175.4, 175.7. 175.7. MALDI-TOF-spectrum: (M + H) 

5 found: 783.3. 

(90mL) was added potassium tert-butoxide (4.6 g, 40.1 mmol). ^J^ r J 
phenyl-7-methoxy qulnolina (4.5g, 16.7 mmol) was added and 8tt '^ ^ 
hrs The mixture was diluted with water (1 80 mL), washed with ethyl acetate 
(1x30mL) and netted with 1N HCL The solid was filtered, washed with water and 
,5 dried giving (4.659. 10mmol) of product >95% purity by HPUC.M + H 464.2. 

S^Scarbonyt-a-^^^ 

4-y|oxy>pyrrolldine-1-carboxylic acid rert.butyl ester (61). 

To a soluSon of l^mlno-2-vlnyl^ydoprci.anecarpoxylic add ethyl ester (41 mg, 0.26 
mmol). 60 (1 1 mg. 0.22 mmol), HATU (204 mg. 0.54 mmol) In DMF (4 mL) was 
added dilsopropyehtylamlne (187 pL, 1.08 mmol). After stirring at RT for 1 hrs, 
dlchloromethane (4 mL) was added. The solulion was washed with aqueous 
25 NaHCOa (sat) and with two portions of water. The organic layer was dried and 
=.=:= concentrated. The productwas pure enough (>95% by HPLC) to be used ,n the next 

\ step. M+H* 602.2. 



30 



oyclopropanecarboxyllc add ethyl ester (62). 
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w a r*™* i at RT for 60 mill. Toluene (3 mL) 

Compound 61 was kept In TFA-DCM 1 .2 (3 mL) at K t 

added. The sample was co-evaporated to dryness. Punty by HPLC >95 A. M 



was 
502.4 



5 SJSJwrw^ 

cyctopropanebarboxyllo add ethyl ester (63). 

To . solution of compound 62 ,0.3 mmot) ,n THF (a mL). was added 
of NaMCOa (a) and a eo.u«on of phosgene in totuene (1.6 M, 600 pL) After 10 mm of 
aaltaBon the slurry was filtered and concentrated to dryness. The solid was 
reitelTv!d In dWJoromelhane and a large excess of NaHCOa (s) ™* 
(a-hydroxy-mdan-IWdimemyl-buWramlde (0.66 mrnol) ^^^L 
was agitated for 24-40 hrs at RT. The slurry was filtered, concentrated 
I JL co.u m n chromatography (gradter* eludon from 100 % DON to MjOHW* 
»6) to give the H. compound (60.6 mg. 0.11 mmol). Punty by HPLC >96%. M + H 



10 



15 



790.3. 
2.0 BcajxipJeM 



25 



30 



ph^yl^iW^ aCld (64)< 

To a solution of 63 (76.7mg, 0.097mmol) in THF-MeOH 2:3 (2 mL) was added 1 M 
LIOH 5 equiv. The solution was kept at 60 »C for 60 mm. After cooling to RT, HOAc 
15-30 eq. was added followed by toluene (2 mL) and then concentrated to dryness. 
The residue was taken up in DCM and washed wHh water. The <*^*"™* 
dried and concentrated to give the title compound (72 mg. 0.094 mmol). Punty >95/ 0 
by HPLC M+H* 762.2. 
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dimethyl-butyramide (65). 

5 to solution of 64 (25 mg. 0.033 mmol) In chloroform (1 mL) was 

LenesuK^n,* (10.6 mg. 0.006 mmol) followed by ™^ 
0. 0 187mmol). The solution was stored at RT (or 10 mln and then at -2C Cfor30 
1 Zw* mg, 0.13 mmo.) was then ado* as a eolld. The ao.ut.on was apt at 

10 1Z « watar. The organ.0 layer was dried, concentrated and sub ]e cted to 
purification by HPLC, affording the title compound as a whtte solid. 

Resin bound 24art.butoxyoarr«nylamlno-3,3^rnetylbutyrlo ac.d(66). 

" ToA^onautreslnPS-TFPO^mmoVg.lOg^^^^ 

dimethyl-butyric aoid (4.6 g, 20.7mmol) was added dicNoromethane 

DMF (10 mL). To this mlxturewaa added DMAP (1 g. 858 mmol) and men DIC (9.6 
m L, 60.T mmoi). After 3 hrs of agitation at RT the resln was altered and washed 
20 successive* with DMF. THF. DCM, THF. DCM and ether and then dried ,n a 



vacuum. 
Example ,62 



[HZ-Hydrw^ndan-l-ylcato^^ add farfcbutyl 

25 ester (67). 

To a portion of 66 (200 mg) In DCM amlnoindanol (0.14 mmol) was added^The 
mixture was agitated for 2 hrs. Tha liquid was fllterad of and fhe resin washed wKh 
2XDCM. The oombined liquids were combined and concentrated 1o dryness to afford 
,0 tha title compound (20.6 mg, oioSS mmol) Purity >96% by HPLC. M*H 363.15. 
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«C NMR 8c (100 MHz; CDCfe; Me 4 Sl) 27.0, 28.5, 34.2, 39. 8, 50.8, 57.9, 68.2. 73.7, 
124 8 125 6. 127.4, 128.6, 140.4, 171.6. <H NMR 5 H (400 MHz; CDCl 3 ; Me,Si) 1.07 
(9H. s' CCH 3 ). 1 .44 (9H, s, OCCH,), 2.93 (1 H, dd, J^A Hz, J 3 . 2 2.3 Hz, CHa), 
3.15 (1H, dd r -W16.4 Hz, J 3l2 5.2 Hz, CH 2 ), 



5 



ExampJe_68 

2-Amino-N.(2-hydroxy-lndan-1-yl)-3,3-dimethyl butyramide (68). 

Compound 67 was kept in DCM-TFA 2:1 (2 mL) for 60 min at RT. The solution was 
10 co-evaporated with toluene to dryness. 

Ex ample 6 9 
methyl ester (69). 



15 



To a solution of 2-ferf.butoxyoarbonylamino-3,3-dlmethyl butyric acid (500 mg, 2.16 
mmol), Amino^yclohexyl-acetlc acid methyl ester (444 mg. 2.59 mmoi) and HATU (2 
g 5 40 mmol) in DMF (20 mL) was added diisopropytethylamine (1.88 mL, 10.8 
mmol) The solution was stirred for 1 hrs at r.t. and diluted with dichloromethane (40 
20 mL), This solution was washed with aqueous. NaHCOS (sat) and water (x2), dried 
and concentrated. The product was >95 % pure. M+H* 385.4. 

Exam p|e_70 

{1-[(Cyclohexyl-methylcarbamo^^^ 

25 acid ferf-butyl ester (70). 

To compound 69 in EtOH-THF 1:2 was added a large excess of methylamlne (30% 
in water) and left at rt. for 2 weeks. The solution was concentrated to dryness and 
the residue subjected to a short silica gel column eluted with 2% MeOH in 
dichloromethane to give a pure (>95%) product M+H + 384.5. 



30 



Example7l. 
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2-Amlno-N-(cydohexyl-methylcarbamoyl-methyl)-3,3-dimethy^utyramide(71)^ 

Compound 70 was kept In dichloromethane-trifuoroacetic acid 2:1 for 1 h at rt and 
concentrated to dryness. The residue was dried in a vacuum for 16 hrs. Reversed 
5 phase C18HPLC showed >95% purity M+H 1 " 283.1. 

Exa,mpleJI2. 




(1 R,2S)-1 -{l(2S,4R)-1 -((1 S,2R>2-Hydroxy-lndan-1 -ylcarbamoyl)-4-(7-methoxy-2- 
1 o phenyl-quinolin-4-yloxy)-pyrrolidlne-2-carbonyl]-amino}-2-vinyl- 
cyclopropaneearboxylic acid (72). 

Compound 62 was treated as described for the preparation of 63 but with the use of 
(1S,2R)-cis-1-amino-2-lndanol instead of 2-amino-N-(2-hydroxyindan-1-yl)-3 f 3- 
15 dimethyl butyramide followed by ester hydrolysis as described for the preparation of 
compound 64 which gave the title compound. Purity by HPLC >95%. M+H* 649.1 . 



Examp].e_73 
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(1R 2S)-H[(2S,4RH-l(lSM-(^^ 
propvl^rbam^ 

amino)-2-viny»-cyclopropanecarboxyllc acid (73). 

NKtert-butoxycarbonyH-vallne was attached to the rosin as described for the 
preparation of compound 66 foilowed by reaction with cyciohexyiamlne as descobed 
for the preparation of 67 and removal of the Boo group as described for 68. The 
afforded compound was then reacted with the chlorocarbamate achieved from 62 as 
described for the preparation of 63 which gave the title compound. Purity by HPLC 
>95%. M+H + 712.3. 



Examp!e_74 



• * f 

• • # 




15 (1R.2S)-1^(2S,4R)-1-((1R^^ 

phenyl-quinoiin-4-yloxy)-pyrrolidine-2-carbonyl]-amino}-2-vinyl- 

cyclopropanecarboxylic acid (74). 



30-JAN-04 FRI 16:20 . MEDIVIR * FAX NO. 01223 847894 

01223 847894 



M183 108 

Compound 62 was treated as described for the preparation of 63 but with the use of 
(R)-2-phenylglycihol Instead of 2-amlno-N-(2-hydroxyindan-1-yl)-3,3-dimethyl 
butyramide instead of 2-amino-N-(2-hydroxy-indan-1-yl)-3,3~dimethyl-butyramlde 
followed by ester hydrolysis as described for the preparation of compound 64 which 
5 gave the title compound. Purity by HPLC >95%. M+H + 637.1 . 

&KampJe_Z§ 




(1 R,2S)-1 -{[(2S ,4R)-1 -ff(1S)-Cyclohexyl-(cyclohexylmethyl-carbamoyl)-methyl]- 
JO carbamoy!)^(7H^ethoxy-2-phenyl-quinolin-^yloxy)-pyrrolSdine-2-carbonyl]-amIno}- 
2-vinyl-cyclopropanecarboxylic acid (75). 

N-(tert-butoxycarbonyl)-L-cyciohexylglyclne was attached to the resin as described 
for the preparation of compound 66 followed by reaction with 
1 5 cydohexanemethylamine as described for the preparation of 67 and removal of the 
Boc group as described for 68. The afforded compound was then reacted with the 
chlorocarbamate achieved from 62 as described for the preparation of 63 which gave 
the title compound. Purity by HPLC >95%. M+H* 752.4. 



20 Example 76 
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ammoV2-vinyt-cyclopropanecarboxyllcadd(76). 

JJELJ^ was attached to the resin as descn 

for the preparation of compound 66 followed by reaction with 

Sclohlnlethy^ne as described for the preparation of 67 and 

Boo fl roup as described for 68. The afforded compound was then reacted wrth the 

'^oro— 
the title compound. Purity by HPLC >95%. M+H* 766.4, 

ExajBpJe_ZZ 




15 



20 



(1R2SM(2S,4RM4(1S)-H 

propylcamamoyl]-447-m^ 
amino}-2-vinyl-cyc(opropanecarboxyiic acid (77). 

N-Clert-butoxycarbonyl^ert-bUtygiycir^ was attached to the resin as described for 
the preparation of compound 66 followed by reaction with cyclohexanememytam^e 
as described for the preparation of 67 and removal of the Boo group as descnbed 
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68. The afforded compound was then reacted with the chlorocarbamate achieved 
from 62 as described for the preparation of 63 which gave the title compound. Purity 
by HPLC >95%. M+H* 726,3. 

5 Example 78 




(1 R,2S)-1 -{[(2S,4R)-1 -1(1 S)-1-(Cyclohexylmethyl-carbamoyl)-2-phenyl- 
ethylc^rbambyl3^-(7-methoxy-2-phenyl-quinolin-4-y1oxy)-pyrro1ldlne-2^arbonyl]- 

amlno}-2-\rinyl-cyclopropanecarboxylic acid (78). 

N-(tert-butoxycarbonyl)-L'-phenylalanlne was attached to the resin as described for 
the preparation of compound 66 followed by reaction with cydohexanemethylamine 
as described for the preparation of 67 and removal of the Boc group as described for 
68. The afforded compound was then reacted with the chlorocarbamate achieved 
15 from 62 as described for the preparation of 63 which gave the title compound. Purity 
by HPLC >95%. M+H* 760.4. 



Exa mple 79 
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MR 2SVWK2S 4 RH-K1SVH(1S,2R)-2-Hydroxy-Jndan-1-ylcarbamoy1)^heny^ 
aminoy-2-vinyl-cyctopropanecarboxync acid (79). 

NKten-butoxyoarbonylK-phenethylglyclne was attached to the resin as described 
for the preparation of compound 66 foiiowed by reaction with (1S,2R)-c.s-1-amlno-2- 
indanol a S described for the preparation of 67 and removal of the Boc group as 
described for 68. The afforded compound was then reacted with the 

chiorocarbamate achieved from 62 as described for the preparafon of 63 wh.ch gave 
the title compound. Purity by HPLC >95%. M+H* 810.4. 



ExampJeJBQ 




IS 



(1 R,2S)-Mt(2S,4R)-1K(1S)-1-Benz 
methoxy-2-phenyl-quinolin^^^ 
cyclopropanecarboxylic acid (80), 
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N-{tert-buloxycarbonylVL-var»ne was attached to the resin as described for the 
preparation of compound 66 followed by reaction with benzylamine as described for 
the preparation of 67 and removal of the Boc group as described for 6B. The 
afforded compound was then reacted with the chlorocarbamate achieved from 62 as 
described for the preparation of 63 which gave the title compound. Purity by HPLC 
>95%. M+H + 706.2. 



Example 81 




10 (1R,2SM^(2S,4RMK(1S)-1-((1R)-2^ 
dimethyl-propylcaroamoyQ-4-(7-mem^^^ 
carbonyl]-amlno>-2-vinyl-cyclopropanecart>oxylic acid (81). 

N-(tert-butoxycarbonyl)-L-tert-butyglyclne was attached to the resin as described for 
15 the preparation of compound 66 followed by reaction with (R)-2-phenylglycinoi as 
described for the preparation of 67 and removal of the Boc group as described for 
68, The afforded compound was then reacted with the chlorocarbamate achieved 
from 62 as described for the preparation of 63 which gave the title compound. Purity 
by HPLC >95%. M+H* 750.3. 



20 



Exam ple_82 
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OH 



(1 R, 2S)-1 -{K2S, 4R)-1-l(1 S)-1-((1 RHndan-1-ylcarbamoyl)-2-methyl- 

propvlcartoamaylM^^ 
amino}-2-vlnyl-cyclopropanecarboxylic acid (82). 

5 

(2S)-ferf-butoxycarbonylamino-3-methylbutyric acid was attached to the resin as 
described for the preparation of compound 66 followed by reaction with (1 R)-1- 
aminoindane as described for the preparation of 67 and removal of the Boc group a; 
described for 68. The afforded compound was then reacted with the 
1 0 chlorocarbamate achieved from 62 as described for the preparation of 63 which, 
after purification by HPLC, gave the title compound (12.5 mg, 28 % yield), Purity by 
HPLC>90%. M+H* 732.2. 

E xample 8 3 



(1R, 2SKHK2S, 4R)-1-[(1S)-1-((1SHndan-1-ylcarbamoyl)-2-methyl- 
propylcarbamoyl]-4-(7-methoxy-2-phenyi-qulnolin-4-yloxy)-pyrrolldlne-2-carbony^ 

amlno)-2-vinyl-cyclopropanecarboxylic acid (83). 

20 (2S)«forf-butoxycarbonylamino-3-methylbutyric acid was attached to the resin as 
described for the preparation of compound 66 followed by reaction with (1 S)-1- 



15 
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aminoindane as described for the preparation of 67 and removal of the Boc group as 
described for 68. The afforded compound was then reacted with the 
chlorocarbamate achieved from 62 as described for the preparation of 63 which, 
after purification by HPLC, gave the title compound {22 mg, 49 % yield), Purity by 
5 HPLC >90% M+H* 732.2. 

E*amp,l§jg4 




(1R, 2S)-H[(2S, 4R)-1-[(1S)-1-(2-hydroxyethylcarbamoyl)-2-methyl- 
10 propylcarbamoyl3^7-methoxy-2-phenyHuinolin-4-yloxy)-pvrrolidine-2-carbonyJ]- 
amino}-2-vinyl-cyciopropanecarboxylic acid (84). 

(2SHe/t-butoxycarbonylamino-3-methylbutyric acid was attached to the resin as 
described for the preparation of compound 66 followed by reaction, with 2- 
15 aminoetbanol as described for the preparation of 67 and removal of the Boo group 
as described for 68. The afforded compound was then reacted with the 
chlorocarbamate achieved from 62 as described for the preparation of 63 which, 
after purification by HPLC, gave the title compound (3 mg, 8 % yield), Purity by 
HPLC >90% M+H* 660,2. 

20 

Exam ple 85 



FAX NO. 01223 847894 

Kc.tr«fcBl.ce 
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(1R 2SKMK2S, 4 RH^(1SVH(1S, 2R)-2^ydroxy^ndan-1.ylc a rbamoyl).2-methyl^ 

pr opylcarbamoylJ-4-(7-memo^^ 
amirtoV-2-vinyl-cyclopropanecarboxylfc acid (85). 

(2SHert-butoxycarbonylam!no-3-methylbutyric add was attached to the resin as 
described for the preparation of compound 66 followed by reaction with (1S.2R)-1- 
amino-2-indanol as described for the preparation of 67 and removal of the Boc group 
as described for 68. The afforded compound was then reacted with the 
chlorocarbamate achieved from 62 as described for the preparation of 63 which, 
after purification by HPLC, gave the title compound (10 mg, 22 % yield), Purity by 
HPLC >90% M+H* 748.2. 



15 



Examp le 66 




(1R, 2S)-1-(K2S. 4R)-1-t(1S)-1-((1R, 2S)-2-Hydroxy-indan-1-ylcarbamoyl)-2-methyl 

propylcarbamoylM^7-methoxy-2^^ 

amlno)-2-vinyl-cyclopropanecarboxyl!c acid (86). 



20 (2SHerf-buloxycarbonylamino-3-methylbutyric acid was attached to the resin as 
described for the preparation of compound 66 followed by reaction with (1 R.2S)-1 - 
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amino-2-lndanol as described for the preparation of 67 and removal of the Boc group 
as described for 68. The afforded compound was then reacted with the 
chlorocarbamate achieved from 62 as described for the preparation of 63 which, 
after purification by HPLC, gave the title compound (11 mg, 24 % yield). Purity by 
5 HPLC >75% M+H* 748. 



Exam ple 87 



10 



15 



20 




(1R, 2S)-M[(2S, 4R)-1»{[Cyclohexyl-(SH(1S, 2R)-2-hydroxy-indan-1-ylcarbamoyl)- 
methyl]-carbamoy9-4^7^emoxy-2-ph^ 
amino)-2-vinyl-cyclopropanecarboxylic acid (87). 

(2S)-te/t.butbxycarbonylamIno-cyclohexylacetlc acid was attached to the resin as 
described for the preparation of compound 66 followed by reaction with (1S,2R)-1~ 
amino-2-indanol as described for the preparation of 67 and removal of the Boc group 
as described for 68. The afforded compound was then reacted with the 
chlorocarbamate achieved from 62 as described for the preparation of 63 which, 
after purification by HPLC, gave the title compound (7.6 mg, 16 % yield), Purity by 
HPLC >95% M+H* 788.3. 



E xample 8 8 
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(1R, 2SVHK2S, 4RM-[(1S)-1-((1S, 2R)-2-Hydroxy-indan-1-ylcarbamoyl)-2,2- 
dimethyl - P ropylcarbamoylH-(7^ethoxy-2-phenyl-qu1nolin-4-yloxy)-pyrroljdine-2- 
carbonyl]-amino^2-vinyl-cyclopropanecarboxylic acid (88). 

5 (2SHerf-butoxycarbonylatnfno-3 1 3-dimethylbutyric acid was attached to the resin as 
described for the preparation of compound 66 followed by reaction with (1S,2R)-1- 
amino-2-indanol as described for the preparation of 67 and removal of the Boc group 
as described for 68. The afforded compound was then reacted with the 
chlorocarbamate achieved from 62 as described for the preparation of 63 which, 

10 after purification by HPLC, gave the title compound (1 2 mg, 26 % yield), Purity by 
HPLC >95% M+H + 762.3. 

Example 89 



15 (1R, 2S)-1-{[(2S, 4R)-1-[(1S)-1-((1S. 2R)-2-Hydroxy-indan-i-ylcarbamoyl)-3,3- 
dirneihyl-butylcanbamoy)M-(7-memox 
carbonyl]-amIno)-2-vinyi-cyclopropanecarboxyllc acid (89). 

(2S)-fert-butoxycarbonylamlno-4,4-dimethylpentanoic acid was attached to the resin 
. 20 as described for the preparation of compound 66 followed by reaction with (1 S,2R)- 



1-amino-2-indanol as described for the preparation of 67 and removal of the Boc 
group as described for 68. The afforded compound was then reacted with the 
chlorocarbamate achieved from 62 as described for the preparation of 63 which, 
after purification by HPLC, gave the title compound (14.2 mg, 30 % yield), Purity by 




o 




25 HPLC >95% M+H + 776.3. 



Example 90 
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(1 R, 2S)-1 -«(2S. 4R)-1-[(1 S)-1-((1 S, 2R)-2-Hydroxy-indan-1 -ylcarbamoyl)-2-phenyl- 
etylcarbamoylH^7-methoxy-2-phenyl-quinolin^ytoxy)-pyrro«dlne-2-carbonyll- 

amlno}-2-vinyI-cyclopropanecarboxyllc acid (90). 

(2S)-feff-butoxycarbonylamlno-3-phenylpropanoic add was attached to the resin as 
described for the preparation of compound 68 followed by reaction with (1 S,2R)~1- 
amlno-2-indanbl as described for the preparation of 67 and removal of the Boo group 
as described for 68. The afforded compound was then reacted with the 
1 o chlorocarbamate achieved from 62 as described for the preparation of 63 which, 
after purification by HPLC, gave the title compound (2.4 mg, 5 % yield), Purity by 
HPLC >95% M+H* 796.2. 



ExafQ Pje9,1, 



OH 




O ° ^POH 



(1R, 2S)-1-{[(2S, 4R)-1-[(1S)-2-Cyclohexy!-1-((1S, 2R)-2-hydroxyHndan-1- 
ylcarbamoyl)-ethylcarbamoyl3^7-methoxy-2-phenyI-quinolin-4-yloxy^pyrrolldine-2- 

carbonyl3-amino}-2-vinyl-cyclopropanecarboxylic acid (91). 



20 



(2S)-tert-Butoxycarbonylamlno-3-cyclohexylpropanoic acid was attached to the resin 
as described for the preparation of compound 66 followed by reaction with (1S.2R)- 
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Vamlno-2-lndanol as described for the preparation of 67 and removal of the Boc 
group as described for 68. The afforded compound was then reacted with the 
chlorocarbamate achieved from 62 as described for the preparation of 63 which, 
after purification by HPLC, gave the title compound (1 2.3 mg, 26 % yield), Purity by 
HPLC >95% M+H + 802.3. 

ExarnRle_92. 



hQo.hQ. 




<1R, 2S)-1-{[(2S, 4R)-H(1S)-1-t(SHCyclohexyl-methylcarbamoyl-methyi)- 
10 carbamoyl>2,2-dimethyl-propylcarbamoyl}-4-(7-methoxy- 

2-phenyl-quinolin-4-yloxy)-pyrrolldine-2-carbonyl]-amlno}-2-vinyl- 

cyclopropanecarboxylic acid (92). 

Compound 62 was treated as described for the preparation of 63 but with the use of 
1 5 71 instead of 2-amino-W-(24iydroxy-indan-1-yl)-3.3-dlmethyl-butyramide followed by 
ester hydrolysis as described for the preparation of compound 64 which, after 
purification by HPLC, gave the title compound(8.6 mg, 18 % yield). Purity by HPLC 
>95%. M+H* 783.3. 

20 Assays 

The compounds of the invention are conveniently assayed for activity against the 
NS3 protease of flavlvirus such as HCV using conventional In vitro (enzyme) assays 
or cell culture assays. 

25 
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A useful assay Is the Bartenshlager replicon assay disclosed In EP 1043399. An 
alternative replicon assay Is described In WO 03064416, 

A convenient enzyme assay Involving the inhibition of full-length hepatitis C NS3 is 
5 essentially as described In Poliakov, 2002 Prot Expression & Purification 25 363 371 . 
Briefly, the hydrolysis of a depslpeptide substrate, Ac- 
DED(Edans)EEAbuv[COO]ASK(Dabcyl)-NH2 (AnaSpec. San Jose, USA), is 
measured spectrofluorometrically in the presence of a peptide cofactor, 
KKGSWIVGRIVLSGK, as described by Landro, 1997 Biochem 36 9340-9348. The 
10 enzyme (1 nM) Is Incubated in a buffer such as 50 mM HEPES, pH 7.5, 10 mM DTT, 
40% glycerol, 0.1% n-octyl-p-D-glucoside, with 25 nM cofactor and inhibitor at say 30 
°C for 10 min, whereupon the reaction Is Initiated by addition of substrate, typically 
0.5 fiM substrate. Inhibitors are typically dissolved in DMSO, sonicated for 30 s and 
vorteXed. The solutions are generally stored at -20°C between measurements. 

15 

An alternative enzyme assay is described in WO 039931 6 and employs an HCV 
NS3/4A protease complex FRET peptide assay. The purpose of this In vitro assay is 
to measure the inhibition of HCV NS3 protease complexes, derived from the BMS, 
H77C or J416S strains, as described below, by compounds of the present invention. 
20 This assay provides an indication of how effective compounds of the present 
invention would be In inhibiting HCV proteolytic activity. 

Serum is taken from an HCV-infected patient. An engineered full-length cDNA 
template of the HCV genome (BMS strain) was constructed from DNA fragments 
25 obtained by reverse transcription-PCR (RT-PCR) of serum RNA and using primers 
selected on the basis of homology between other genotype la strains. From the 
determination of the entire genome sequence, a genotype I a was assigned to the 
HCV isolate according to the classification of Simmonds et al. (See P Simmonds, KA 
Rose, S Graham, SW Chan, F McOmish, BC Dow, EA Follett, PL Yap and H 
' 30 Marsden, J.Clin. Microbiol., 31(6), 1493-1503 (1993)). The amino acid sequence of 
the nonstructural region, NS2-5B, was shown to be >97% identical to HCV genotype 
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la (H77C) and B7% Identical to genotype lb (J4L6S). The infectious clones, H77C (I a 
genotype) and J4L6S (I b genotype) can be obtained from R. Purceil (NIH) and the 
sequences are published in Genbank (AAB67036, see Yanagi.M., Purceil.R.H., 
Emerson.S.U. and Bukh. Proc. Natl. Acad. Sci. U.S.A. 94 (16) 8738-8743 (1997); 
5 AF054247, see Yanagi.M., St Claire.M., Shapiro.M., Emerson.S.U,, Purcell.R.H. and 
Bukhj, Virology 244(1), 161 (1998)). 

The BMS, H77C and J4L6S strains are used for production of recombinant NS3/4A 
protease complexes. DNA encoding the recombinant HCV NS3/4A protease 
1 0 complex (amino acids 1 027 to 1711) for these strains were manipulated as 
described by P. Gallinari et aJ. (see Gallinari P. Paollni C, Brennan p. Nardi C, 
Steinkuhler C, De Francesco R. Biochemistry. 38(17):562032, (1 999)). Briefly, a 
three-lysine solubilizing tail was added at the 3*-end of the 3 0 NS4A coding region. 
The cysteine in the P1 position of the NS4A-NS4B cleavage site (amino acid 1711) 
1 5 was changed to a glycine to avoid the proteolytic cleavage of the lysine tag. 

Furthermore, a cysteine to serine mutation can be introduced by PCR at amino acid 
position 1454 to prevent the autolytic cleavage in the NS3 helicase domain. The 
variant DNA fragment can be cloned In the pET21 b bacterial expression vector 
(Novagen) and the NS3/4A complex can be expressed in Escherichia coli strain 
20 BL21 (DE3) (Invitrogen) following the protocol described by P. Gallinari et al. (see 
Gallinari P, Brennan D, Nardi C, Brunetti M, Tome! L, Steinkuhler C, De Francesco 
R„ J Virol. 72(8):6758-69 (1 998)) with modifications. Briefly, NS3/4A expression can 
be Induced with 0.5mM isopropyl beta-D thiogalactopyranoslde (IPTG) for 22hr at 
20'C. A typical fermentation (10 1) yields approximately 80g of wet cell paste. The 
25 cells are resuspended In lysis buffer (IO mL/g) consisting of 25mM N- 
: (2HydroxyethyI)Piperazine-N'-(2-Ethane Sulfonic acid) (HEPES), pH7.6, 20% 

•" glycerol, SOOmM Sodium Chloride (NaCI), 0.5% Triton-X100, 1 ug/ml lysozyme, 
. : ; 5mM Magnesium Chloride (MgCI2), I ug/ml Dnasel. 5mM beta-Mercaptoethanol 
• * : (BME), Protease inhibitor - Ethylenediamine Tetraacetlc acid (EDTA) free (Roche), 
. . . : 30 homogenized and incubated for 20 mins at VC. The homogenate Is sonicated and 

m m m ~" 

. . . clarified by ultra-centrifugatlon at 235000 g for 1 hr at 4'C. 
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Imidazole is added to the supernatant to a final concentration of 15mM and the pH 
adjusted to 8. The crude protein extract is loaded on a Nickel Nitrilotrlacetic acid (Ni- 
NTA) column pre-equilibrated with buffer B <25n-tM 2 0 HEPES, pH8 20% glycerol, 
5 500mM NaCl. 0.5% Triton-XIOO. 15mM imidazole, 5mM BME). The sample is 
loaded at a flow rate of ImL/min. The column is washed with 15 column volumes of 
buffer C (same as buffer B except with 0.2% Triton-X1 00). The protein is eiuted with 
5 column volumes of buffer D (same as buffer C except with 200mM imidazole). 

» 

10 NS3/4A protease complex-containing fractions are pooled and loaded on a desalting 
column Superdex-S200 pre-equilibrated with buffer D (26MM HEPES, pH7.5, 20% 
glycerol, 300mM NaCl, 0.2% Triton-XIOO, lOmM BME). Sample is loaded at a flow 
rate of ImUniln. NS3/4A protease complex3 0 containing fractions are pooled and 
concentrated to approximately 0.5mg/ml. The purity of the NS3/4A protease 

15 complexes, derived from the BMS, H77C and J4L6S strains, are typically judged to 
be greater than 90% by SDS-PAGE and mass spectrometry analyses. 

The enzyme is generally stored at -80'C, thawed on Ice and diluted prior to use in 
assay buffer. The substrate used for the NS3/4A protease assay, is conveniently 
20 RET S 1 (Resonance Energy Transfer Depslpeptide Substrate; AnaSpec, Inc. cat # 
22991 )(FRET peptide), described by Taliani et al. in Anal. Biochem. 240(2):6067 
(1996). The sequence of this peptide is loosely based on the NS4A/NS4B natural 
cleavage site except there is an ester linkage rather than an amide bond at the 
cleavage site. The peptide substrate is Incubated with one of the three recombinant 
25 IMS3/4A complexes, in the absence or presence of a compound of the present 
: Invention, and the formation of fluorescent reaction product was followed in real time 

: . : : using a Cytofluor Series 4000. Useful reagents are as follow: HEPES and Glycerol 
: - : : (Ultrapure) can be obtained from GIBCO-BRL. Dimethyl Sulfoxide (DMSO) is 
obtained from Sigma. Beta-Mercaptoethanol is obtained from Bio Rad. 
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Assay buffer. 50m.M HEPES, pH7.5; 0. 16M NaCI; 0. 1% Triton; 15 % Glycerol; 
10mM BME. Substrate: 2 uM final concentration (from a 2mM stock 2 0 solution in 
DMSO stored at -20'C). HCV NS3/4A type la (lb), 2-3 nM final concentration {from a 
5uM stock solution in 25mM HEPES, P H7.5. 20% glycerol, 300m.M NaCI, 0.2% 
5 Triton-X100, 1 OmM BME). For compounds with potencies approaching the assay 
limit, the assay can be made more sensitive by adding 50 ug/ml BSA to the assay 
buffer and/or reducing the end protease concentration to 300 pM. 

The assay is conveniently performed in a 96-well polystyrene black plate from 
10 Falcon. Each well contains 25ul NS3/4A protease complex in assay buffer, 50ul of a 
compound of the present invention in 10% DMSO/assay buffer and 25ul substrate in 
assay buffer. A control {no compound) is also prepared on the same assay plate. 
The enzyme complex is mixed with compound or control solution, typically for 1 min 
before initiating the enzymatic reaction by the addition of substrate. The assay plate 
1 5 is generally read immediately using a spectrophotometer such as a Cytofluor Series 
4000 (Perspective Biosysterns). The instrument is conveniently set to read an 
emission of 340nm and excitation of 490nm at 25'C. Reactions are generally 
followed for approximately 1 5 minutes. 

20 The percent inhibition can be calculated with the following equation. 

100.- [(dF|nh/dF CO n)XI0O] 

where dF is the change In fluorescence over the linear range of the curve. A 
nonlinear curve fit is applied to the Inhibition-concentration data, and the 50% 
25 effective concentration (IC 50 ) Is calculated by the use software such as Excel Xl-fit 
software using the equation: 

y=A+((B-A)/(1+((C/x)*D)». 



30 



Various compounds of the invention exemplified above displayed lC B os in the range 
1nM to 6.9 micromolar and ED 60 s in the sub-micromolar to mlcromolar range. 
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1 . ■ A compound of the formula I: 

? 8 

w 




, (CH 2 ) q (CHA 
1 \ 



X 



R11 



Jm 




wherein 

A is COOR 1 , CONHS0 2 R 2 , CONHR 3 , or CR 4 R 4 ' wherein; 

R 1 is hydrogen, d-Cgnlkyl. Co-dalkylcarbocyclyl, Co-dalkylheterocyclyl; 
R 2 is d-Cealkyl, Co-Caalkylcarbocyclyl, Co-C 3 aikylheterocyclyl; 
10 R 3 is d-Cealkyi, Co-dalkyicaroocyclyl, C 0 -C 3 alkylheterocyclyl, -Od-Cealkyl, - 

OCo-Caalkyicarbocyclyl, -OCo-C 3 alkylheterocyclyl; 
R 4 is =0, halo, amino, or OH; 

R 4 ' is d-dalkyi, Co-C 3 alkylcarbocyclyl, C 0 -dalkylheterocyclyl; wherein 

R 2 , R 3 , and R4' are each optionally substituted with from 1 to 3 times 
15 with halo, oxo, nitrile, azido, nitro, d-dalkyl. Co-dalkylcarbocyclyi, C 0 - 

Csalkylheterocyclyl, NH 2 CO-, Y-NRaRb, Y-0-R b , Y-C(-0)R b . Y- 
(C=0)NRaR b , Y-NRaC(«0)R b , Y-NHSOpR b , Y-S(«0) p Rb, Y- 
S(=0)pNRaR b , Y-C(=O)0R b , Y-NRaC(«0)OR b ; 
where Y is a bond or d-C 3 alkyl; 
20 Ra is H or Ci-C 3 alkyl; 

Rb is H or d-C e alkyl; 
p Is 1 or 2; 
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R 7 Is C-pCealkyl, d-Cgajkyl C 3 -C 7 cycloalkyl, or C^-Cealkenyl. any of which is 

optionally substituted with 1-3 halo atoms, amino or -SH; 

R 7 ' is H or taken together with R 7 to form a C3-C 6 cycloalkyl ring optionally 

substituted with R 7 " 8 wherein; 
5 R 7 a is Ci-C 0 alkyl, Ca-Cscycloalkyl, C2-C6 alkenyl or J; any of which may be 

optionally substituted with halo; 
q is 0 to 3 and k is 0 to 3; where q+k > 1 ; 

W is -CH 2 - -O-, ~OC(=0)NH-, -OC(*OK -S-, -NH-, -NR 8 , -NHSOa- or -NHC(=0)-; 
R 8 is a ring system containing 1 or 2 saturated or unsaturated rings each of which 
10 has 4-7 ring atoms and 0 to 2 hetero atoms selected from S, O and N, the ring 

system being optionally spaced from W by a CrC 3 alkyl group; or R 8 is C n -C 6 alkyl, 
any of which R a groups can be optionally mono, di, or tri substituted with R 9 , wherein 
R 9 is independently halo, oxo, nitrile, azido, nitro, C r C 6 alkyl, C 0 - 
C 3 alkylcarbocyclyl, C 0 -C 3 alkylheterocyclyl, NH 2 CCK Y-NRaRb, Y-O-Rb, Y- 
1 5 C(=0)R b , Y-(C=0)NRaR b , Y-NRaC(=0)R b , Y-NHSO p R b , Y-S(=0) p R b , Y- • 

S(=0) p NRaRb > Y-C(-0)ORb, Y-NRaC(=0)OR b ; wherein the caroocyclyl or 
heterocyclyl is optionally substituted with R 10 ; wherein 

R 10 is C r C e alkyl, Cs-C/cycloalkyl, C-rC 6 alkoxy, amino optionally mono- 
or di- substituted with CrCs-alkyl, suHonyl, (C r C 3 alkyl)sulfonyl, N0 2f 
20 OH, SH, halo, haloalkyl. carboxyl, amide, (Ci-C 3 alkyl)amide. or 

heteroaryl optionally substituted with d-Cealkyl; 
R 8 ' is H. Ci-C 3 alkyl; 

E is -C(=0)-, -C(=S)-, -S(=0)2-, -S=0-, -C=N-Rf; 
Rf is H, -CN, -C(=0)NRaRb; -C(sO)C r C& alkyl 
25 X is -NRx- where Rx is H, or Ci-C 6 alkyl; or in the case where where E Is ~{C=0)- X 
can also be — O-; 

R 11 is H, Ci-C 6 alkyl, C 0 -C 3 alkylcarbocyclyl, Chalky Iheterocyclyl, any of which can 
be substituted with halo, oxo, nitriie, azido, nitro, Ci-C 6 alkyl, Co-C 3 a|kylcarbocyclyl, 
Co-C 3 a!kylheterocyclyl, NH 2 CO-, Y-NRaRb, Y-0-R b , Y-C(=0)Rb, Y-(00)NRaR b , Y- 
30 NRaC(=0)R b , Y-NHSO p R b , Y-S(=0) p R b . Y-S(=0) p NRaR b . Y-C(=0)ORb, Y- 
NRaC(=0)OR b ; 
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when R 7 ' taken together with R 7 forms a C3-C e cycloalkyl, then one of Rx or R 11 can 
also be J; 

J is a 3 to 10*membered saturated or unsaturated alkylene chain extending from the 
R 7 /R 7 ' cycloalkyl to Rx or R 11 to form a macrocycle, which chain is optionally 
5 interrupted by one to three heteroatoms independently selected from: -O-, -S- or - 
NR 12 - wherein 0 to 3 carbon atoms in the chain are optionally substituted with R 14 ; 
wherein; 

R 12 is H, Ci-C 6 alkyl, Ci-Cecycloalkyl, or COR 13 ; 
R 13 is Ci-Cealkyli Co-C3alkylcarbocyclyl, Co-C 3 alkylheterocyclyl; 
10 R 14 is independently selected from H, CpCg alkyl, C1-C0 haloalkyl, C-i-Ce . 



m Is 0 or 1; n is 0 or 1; 
U Is =0 or Is absent; 

15 R 15 is H, CrCpalkyl, C 0 -C 3 alkylcarbocyclyl, (VCaalkylheterocyclyl, any of which can 
be substituted w!th halo, oxo, nitrfle, azido, nitro, Ci-Ce alkyl. Co-Cy-alkylaryl, C 0 - 
C 3 alkylheteroaryl, CorCaalkylcycloCrCcalkyl, NH 2 CO-, Y-NRaRb, Y-0-R bl Y- 
C(=0)Rb, Y-(C=0)NRaR b , Y-NRaC(=0)Rb, Y-NHSO p Rb, Y-S(=0) p R b , Y- 
S(=0) p NRaR bf Y-C(=0)ORb, Y-NRaC(=0)OR b ; 
20 Gis^O-,-NRy-or-NHNH-whereRyisHorCrC 3 alky1; 

R 16 Is H; or C r C 6 alkyl, C(rC 3 alkylcarbocyclyJ, C 0 -C 3 alkylheterocyctyl, any of which 
can be substituted with halo, pxo, nitrile, azido, nitro, C r C 6 alkyl, C 0 - 
C 3 alkylcarbocyclyl, Co-C 3 alkylheterocyc!yl, NH 2 CO-, Y-NRaRb, Y-O-Rb, Y-C(*=0)Rb, 
Y-(C=0)NRaRb. Y-NRaC(=0)Rb f Y-NHSO p Rb, Y-S(=0) p Rb, Y-S(=0) p NRaRb, Y- 
25 C(*0)ORb, Y-NRaC(=0)ORb; 



alkoxy, hydroxy, halo, amino, oxo, thlo, or C-i-C 6 thioalkyl; 
Ru and Rz are independently H or Ci-C 3 alkyi; 



or a pharmaceutical^ acceptable salt or prodrug thereof. 



2. A compound according to claim 1 with the formula Ha, lib or He 
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X x 
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R16 



R11 O O R7 R/ fa & {J R7 R,' 

"a lib 

w w 

R11 Oe O R7 R 7 ' R11 ,N o R* R 7 " 

Rf' 

lie llaa 
where e is i or 2. 

3. A compound according to claim 1 with the formula Ilia, lllb or lllc 

R8 R8 

: x x 

^(Chy, (ch^ (CH2 j 4 (CHA 

R,6 'Y TX --V-A-V 

O O R7 R r £ qR7 R, 1 

1,13 lllb 

R8 R8 

r/c^), (cha r> W, (cha 

Oe O R7 R 7 ' Rf< N O Rr' 

illc lliaa 
where e Is 0 to 2. 

4. A compound according to claim 1 . with the formula Hid, lite or If IT 



A 
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^8 R8 : 

w W 

R15 O R^CHj), (CHA R15 O (CH Z ), (CH,), 



8 Ru All A 8 A' 8 Ru *11 8 I R7 R 

lltd 



A 

6 R7 r; 

tile 



RB 

X X 

O Ru R11 6e O R7 R T ' O Ro R11 N O R7 R r ' 

Rf 



R16 

6 Ru R11 

lllf 'Ufa 



6. A compound according any preceding claim, wherein X is -NRx~. 

5 6. A compound according to any preceding claim with the partial structure ia or 
lb: 



,R8 
w 





V A- N V\ Ar 



(O)e O NO 




where e Is 1 or 2 



7 A compound according to any preceding claim, wherein E Is -C(=0)- or - 
C=NRf. 

8. A compound with the formula VI 
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z 8 



w 



R10 




wherein 

R 7 , R v ', R 8 , R 11 . R 15 , R 16 , Rx, Ru, A, G, k, m, n, U are as defined in claim 1; 
q' is 0 or 1; 

5 Rz Is H, or together with the asterisked carbon forms an olefinic bond; 
Rq Is H or Ci-C4-alkyl; 

T is -CHR 11 - or -NRd-, where Rd is H or C r C 3 alky1; 

in the case where R 7 taken together with R 7 ' forms a C 3 -Ce cycloalkyl, one of Rx, Rd 
or R 11 can be J; 

10 J is a 5 to 10 membered saturated or unsaturated alkylene chain extending from the 
R 7 /R 7 ' cycloalkyl to Rx, Rd or R 11 to form a macrocycle, which chain is otherwise as 
defined in claim 1; 

and pharmaceuttcally acceptable salts and prodrugs thereof 
1 5 9. A compound according to dalm B with the formula Vila or Vllb: 



* • N * 
• m m 
9 • 9 



30-JAN-04 FRI 16:27 MEDIVIR A FAX NO. 01223 847894 

01223 847894 



Mi 83 130 




30-JAN-04 FRI 16:27 



MEDIVIR * 
01223 847894 



FAX NO. 01223 847894 



Ml 83 



131 



R16 



R16 




1 2. A compound according to any of claims 8 to 1 1 , wherein Rz is H. 



5 13. A compound according to any of claims 8 to 12 with the partial structure: 




o o 



14. A compound according to any of claims 8 to 12 with the partial structure 



R8 



w 
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15. A compound according to claim 14, with the formula Xa or Xb: 

RB 
W 

Rq— R q- 

G ^ O 6 R? V 6 I O 6 R7 R," 

FW we Xb 

Xa 




16. A compound according to claim 14, with the formula XJa: 



RB 



R16 



N 




5> XX JL 



Xla 



17. A compound according to claim 14, with the formula Xlb or Xlc 



R1SO \ 




Xlb 



R15 O Rx Rq 



10 



O R11 




R7 Rj' 



18. 



A compound according to any of claims 8 to 17, where Rq is H or methyl 
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19. A compound according to any preceding claim wherein R 7 ' is H and R 7 is n- 
ethyl, n-propyi, cyciopropylmethyl, cyclobutylmethyl, 2,2-difluoroethyl, or 
mercaptomethyl. 

5 20. A compound according to claim 1 9, wherein R 7 is n-propyl or 2,2-difluoroethy!. 

21 . A compound according to any of claims 1 to 1 8 wherein R 7 and R 7 ' together 
define a spiro-cyclopropyl or splro-cyclobutyl ring, both optionally mono or di- 
subsGtuted with R 7,a wherein; 

10 R 7,a is CrCg alkyl, C3-C5cycloalkyl, or C2-C0 alkenyl, any of which is optionally 

substituted with halo or J. 

22. A compound according to claim 21 wherein the ring is a splro-cyclopropyl ring 
substituted with R 7,a wherein; 

15 R 7 ' a is ethyl, vinyl, cyclopropyl, 1- or 2-bromoethyl, 1-or 2-fluoroethyl, 2- 

bromovinyi or 2-fluorethyl. 

23 A compound according to claim 21 , wherein J Is a 3 to 8-membered saturated 
or unsaturated alkyiene chain optionally containing one to two heteroatoms 
20 independently selected from: -0-, -S- or -NR 12 - , wherein R 12 is H, Ci-C 6 alkyl, such 
as methyl, or -C(=0)Ci-C 6 alkyl, such as acetyl. 

24. A compound according to claim 24 wherein J Is a 5 to 8-membered saturated 
or unsaturated, all carbon alkyiene chain. 

25. A compound according to claim 23 or 24 wherein J is saturated or mono- 
*. 25 unsaturated. 

26. A compound according to claim 23, 24 or 25, wherein J is substituted with R M , 
wherein R 14 Is H or d-C 6 alkyl. 



MED1VIR * FAX NO. 01223 847894 P 

01223 847894 „ t p ., . u 

/«":■: -C1- S 0 

133 



27. A compound according to claims 23-26 with the formula Xlla, Xllb or Xllc 
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P. 



-01- 3 



-r, K 



R16 
Xlla 



R8 

X 

U R>(CH 2 ) q (CH 2 ) k 

Ma O O 

R14 
R8 

X 

U R>(CH 2 ) q (CH 2 ) k 



R14 



R16 



X 

U (CH^CH^ 

Xllb 1 -> K O O 
R14 



Ijt8 

w 

y r>( c h 2 ),(cha 

Xllaa l-..N-Rf i 
"-J--+ 
R1 



{14 



where e is 1 or 2. 



28. A compound according to claims 23 to 26 with the structure Xllg, Xllga, Xllh 
orXlli. 
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R8 

X 

* x« g k{ * f ° Xllh l -< ,° 



R8 

X 

(CH 2 ) q (CH 2 ) k 



R16 



R14 



R8 

X 

R16 O R>< CH 2M9 H2 K 



O 
R14 
R8 

X 

R15 O R>(CH 2 ) q (CH 2 ^ 



O L,. 6e O O N-Rf O 

X1H ^M— |- — Xllga ^-j— j 

R14 R14 



29. A compound according to claims 23-26 with the formula Xllla, Xlllaa or Xlllb 
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i.# r w 



R8 

vy 



R16 



G 
Xllla 



A. 

y (CH 2 ) q (CH 2 K, 



(CH^, (CH 2 ) k 



30. 



31. 



J- 



li4 



II 911 \ / H 
Xlllb \Oo O 



j- 



w 



-h°- 

R14 . 



R16 



6 
Xlllaa 



U (CH 2 ), (CH 2 ),, 

V--4--- 



R14 



A compound according to claim 27, 28 or 29 with the partial structure 
R8 R8 ,R8 






Rf' laa 

A compound according to claims 23 to 26 with the formula XI Va, XlVb or XI Vc 




33. A compound according to claims 23 to 26 with the formula XlVd, XlVe or XlVf: 
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O Ru 



XJVf 



33. A compound according to claim 31 or 32 with the partial structure: 




5 o o 

34. A compound according to claim 32 or 33 with the partial structure : 
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35. A compound according to claim 34, wherein Rq is methyl or H. 
5 36. A compound according to any preceding claim, wherein A Is -CR 4 R 4 ' 

37. A compound according to claim 36, wherein R 4 is Ci-Caalkyk 

38, A compound according to claim 35, wherein R 4 Is C^-Caalkylaryl or d- 
10 C3alkylheteroaryL 



39. A compound according to claim 37 or 38, wherein the alkyl moiety of R 4 is Ci 
- C3 alkany! or Ca-C 3 aikenyl. 

15 40. A compound according to claim 41 or 42, wherein the aryl moiety of R 4 is 
optionally substituted phenyl. 

41 . A compound according to claim 38 or 39, wherein the heteroafyJ moiety of R 4 
Is optionally substituted benzothiazole. 

20 

42. A compound according to claims 36 to 41 , wherein R 4 ' is -Nkb, fluoro or 
chloro- 

':* 43. A compound according to claims 36 to 41 , wherein R 4 Is -OH. 

25 

: . 44. A compound according to claims 35 to 41 , wherein R 4 ' Is =0. 

• * 

45. A compound according to claims 1 to 35, wherein A Is COfMHR 3 . 
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48. A compound according to claim 46, wherein R 3 is optionally substituted C 0 - 
C 3 alkylaryl, Ca-C 3 alkylhetroaryl, OC 0 -C 3 alkylaryl or OC 0 -C 3 alky|hetroaryl. 

5 47. A compound according to claim 46, wherein R 3 Is optionally substituted C 0 - 
C 3 alkylaryl or C 0 -C 3 alkylhetroary). 

48. A compound according to claims 1 to 35, wherein A is CONHS0 2 R 2 . 

1 0 49. A compound according to claim 48, wherein R 2 is optionally substituted C r C 6 
alkyl, preferably methyl. 

50. A compound according to claim 48, wherein R a is optionally substituted Qj- 
C 7 cycloalkyl, preferably cyclopropyl. 

15 

51 . A compound according to claim 48 wherein R 2 is optionally substituted Co- 
Cealkylaryl, preferably optionally substituted phenyl. 

52. A compound according to claims 1 to 35, wherein A is COOR 1 

20 

53. A compound according to claim 52, wherein R 1 is H or Ci-Ce alkyl 

54 A compound according to claim 51 wherein R 1 is hydrogen, methyl, ethyl, or 
tert-butyl. 

25 

55 A compound according to any preceding claim, wherein W is -OC{=0)NH-, - 
OC(=0)-, -NH-, -NR 8 '-, -NHS(0>2-or -NHC(=0)-. 

* 

. 56 A compound according to claim 55 wherein W is -OC(*=0)NH- or -NH- 

" 30 
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57 A compound according to cfaim 55 or 56 wherein R B Is optionally substituted 
C(rC3-alkylcarbocyclyi or C 0 -C3-alkyiheterocyclyl. 

58 A compound according to claims 1 to 54 wherein W Is -S- or preferably -0-. 

5 

59 A compound according to claim 58 wherein R 8 is Co-C 3 alkylaryl, or C 0 - 
C 3 alkylhetroaryI either of which is optionally mono, dl, or tri substituted with R 9 , 
wherein; 

R 9 is Ci-C 6 alkyl, Ct-C 6 alkoxy, N0 2 . OH, halo, trlfluoromethyl. amino or amido 
JO optionally mono- or di-substituted with Ci-C6alkyl,Co-C 3 alkylaryl,Co- 

C 3 aikylhetroaryl, carboxyl, aryl or heteroaryl being optionally substituted with 
R 10 ; wherein 

R 10 is CrCealkyl. C 3 -C 7 cycloa!ky), Ci-C 6 alkoxy, amino optionally mono- or 
di-substituted with CrCealkyl, C1-C3 alkyl amide), sulfonylCi-Csalkyl, NO z . 
15 OH, halo, trlfluoromethyl, carboxyl, or hetroaryl. 

60 A compound according to claim 59 wherein R e is Ci-C e alkyl, Ci-Cealkoxy, 
amino, di-(Ci-C 3 alkyljamino, Ci-C 3 alkylamide, aryl or hetroaryl, the aryl or hetroaryl 
being optionally substituted with R 10 ; wherein 

20 R 10 is Ci-C 6 alkyi. C 3 -C7cycioalkyl, CrCealkoxy, amino, mono- or dl-C r C 3 

alkylamino, amido, CrC 3 alkylamlde, halo, trlfluoromethyl, or hetroaryl. 

61 A compound according to dalm 60, wherein, R 10 is CrCealkyl, C 1 -C 6 alkoxy, 
amino optionally mono- or di substituted with C^C^ alkyl, amido, C-rCg-alkylamide, 

25 halo, or hetroaryl. 



62. A compound according to any preceding claim wherein R 10 is methyl, ethyl, 
isopropyl , tert-butyl, methoxy, chloro, amino optionally mono- or di substituted with 
Ci-C 3 alkyl, amido, Ci-Csalkylamlde, or Ci-CsalkyI thiazole. 



30 
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63 A compound according to claims 59 to 62, wherein R 8 is 1-naphthlmethyl, 2- 
naphtylmethyl, benzyl, 1-naphthyl, 2-naphthyl, or quinolinyl unsubstituted , mono, or 
disubstituted with R 9 as defined. 

5 64 A compound according to claim 63 wherein R 8 Is 1-naphthylmethyl, or 
quinolinyl unsubstituted , mono, or disubstituted with R 9 as defined, 

65 A compound according to claim 63 wherein R 8 is: 



wherein R 9a is d-Ce alkyl; Ci-C G alkoxy; thioCi-C 3 alkyl; amino optionally substituted 
with C r CoaIkyl; C 0 -C 3 alkylaryl; or C0-C3 alkylheteroaryl, C0-C3 alkylheterooyclyl, said 
aryl, heteroaryl or heterocycle being optionally substituted with R 10 wherein 

R 10 is Ci-C B alkyl, Ca-Crcycloalkyl, Ci-C 6 alkoxy. amino opUonalfy mono- or di- 
substituted with Ci-C 0 alkyl, amldo, C r C 3 alkyI amide, heteroaryl or 
heterocyclyl; and 

R 9 " Is C r Ce aikyl, Ci-C 6 -alkoxy, amino, di(C r C3alky|)amino, (C-,-C 3 alkyl) amide, 
N0 2 , OH, halo, trifluoromethyl, carboxyl. 



66 A compound according to claim 63, wherein R 9 * is aryl or heteroaryl, all 
optionally substituted with R 10 as defined . 

67 A compound according to 66, wherein R 9a Is selected from the group 
. 25 consisted of : 



10 




20 





30-JAN-04 FRI 16:29 HED1VIR ' FAX HO. 01223 847894 P. 

0,223 847854 f.ir SeS » 



M183 143 

wherein R 10 is H f CrC 6 aIkyl, or Co-Caalkyl-CyCecycloalkyl, amino optionally mono- 
or dl-substituted with CrC s alkyl, amido, (C r C3alkyl)amide, heteroaryl or 
heterocyclyl. 

5 68. A compound according to claim 65, wherein R 9a is phenyl 
69. A compound according to claim 68, wherein R 8 is: 




R 9b 



10 

wherein R 10fl is H, Ci-C 6 alkyl; Ci-C e alkoxy, or halo; and R 9b Is C r C e alkyl, Ci-Ce- 
alkoxy, amino, di(C r C 3 alkyl)arnino, (C r C 3 alkyl)amlde, N0 2 , OH, halo, 
trifiuoromethyl, carboxyl. 

15 69. A compound according to claim 65, wherein R 8 is: 



R10a 



R9b 




- ; wherein R 10a Is H, Chalky!, or QrCsalkyl-Cs-Cecycloalkyl, amino optionally mono- 

, ; 20 or di-substituted with CrQjalkyl, amido, (CrC 3 alkyl)amide, heteroaryl or 
^ heterocyclyl; and R 9b is Ci-C 6 alkyl, d-Ce-alkoxy, amino, dl(Ci-C 3 alkyl)amino, (C1- 

C 3 alkyl)amlde, N0 2 , OH, halo, trifiuoromethyl, or carboxyl. 
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70. A compound according to any claim 65-70, wherein R 9b is Ci-Ce-alkoxy, 
preferably methoxy. 



71 . A compound according to any preceding claim, wherein Rx is methyl or 
5 preferably H. 

72. A compound according to any preceding claim, wherein R 11 is Crdatkyl, C 0 - 
C 3 alkylC 3 -C 7 cycloalkylyl, C 0 -C 3 alkylaryl or C 0 -C 3 alkylheteroaryl, any of which Is 
optionally substituted with hydroxy, halo, amino, Ci-Cealkoxy, d-Cothioalkyl, 

10 COOR 14 , carboxyl, (C 1 -C 6 alkoxy)carbonyl, aryl, heteroaryi or heterocyclyl; 

73 A compound according to claim 72, wherein the substituent is hydroxy or 
COOR 14 . 

15 74. A compound according to claim 73, wherein R 11 is tert-butyl, iso-butyl, 
cyclohexyl, phenylethyl, 2,2-dimetyl-propyl, cyclohexylmethyl, phenylmethyl, 2- 
pyridylmethyt, 4-hydroxy-phenylmethyl, or carboxylpropyl. 

75. A compound according to claim 74, wherein R 11 is tert-butyl, Iso-butyl, or 
20 cyclohexyl, 

76. A compound according to claim 1 or 8, wherein Ru is methyl or preferably H. 

77. A compound according to any preceding claim, wherein R 1a ts optionally 
25 substituted CrCcalkyl, C 3 -C 7 cycloalkyl, Co-C 3 alkyIC 3 -C 7 cycloalkyl. 

78. A compound according to claim 77, wherein R 15 is cyclohexyl, 
cyclohexylmethyl, tert-butyl iso-propyl, or iso-butyl. 



.30 



A compound according to claim 1 or 8, wherein m is zero and T is absent. 
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80. A compound according to any preceding claim, wherein G Is --NRy- . 

81 . A compound according to claim 80, wherein Ry is methyl or preferably H. 

5 82. A compound according to any of claims 1 to 79. wherein G Is O. 

83. A compound according to any preceding claim, wherein R 16 is CrC B allcyl, C 0 - 
Cgalkylheterocyclyl, C 0 -C 3 alKylcarbocyclyl, any of which Is optionally substituted with 
hydroxy, halo, amino, or Ci-C 6 alkoxy. 



84. A compound according to claim 83, wherein R 16 is methyl. 



85. A compound according to claim 83, wherein R 1e Is 2-indanol, indanyl, 2- 
hydroxy-1-phenyl-ethyl, 2-thiophenemethyl, cyclohexylmethyl, 2,3- 

15 methylenedioxybenzyl, cyelohexyl, benzyl, 2-pyridylmetyl, cyclobutyl, iso-butyl, rv- 
propyl, or 4-methoxyphenylethyl. 

86. A compound according to claim 83, wherein R 16 is 2-lndanol , Indan, 2- 
hydroxy-1-phenyI-ethyt. 2-thiophenemethyl, 2,3-methylenedioxybenzyl, or 

20 cyclohexylmethyl. 

87. A pharmaceutical composition comprising a compound as defined in any 
preceding claim and a pharmaceutical^ acceptable carrier therefore. 

25 88. A pharmaceutical composition according to claim 87, further comprising an 
additional HCV antiviral, selected from nucleoside analogue polymerase inhibitors, 
protease inhibitors, ribavirin and Interferon. 

89. Use of a compound as defined in any of claims 1-86 in the manufacture of a 
30 medicament for the prophylaxis or treatment of flavivirus Infections, including HCV. 
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Abstract of the Disclosu re 

Peptidomlmetic compounds are described which Inhibit the NS3 protease of the 
5 hepatitis C virus (HCV). The compounds comprise a novel linkage between a 

carbocyclic or heterocyclic P2 unit and those portions of the Inhibitor more distal to 
the cleavage site, which linkage which reverses the orientation of peptidic bonds o? 
the distal side relative to those proximal to the cleavage site. 
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